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Reports 


DIGEST OF PROTECTION STANDARDS AND STATE REGULATIONS 


FOR RADIOACTIVITY IN WATER 


J. L. S. Hickey 


Numerical limits of seven published standards and guides for radium- 
226, strontium-90, and unidentified radionuclides in water for various 
applications and population groups are summarized. Of the 54 States and 
Territories, 47 have legislation or regulations for control of radionuclides 
in water. Of these, 31 have adopted some form of numerical limits for 


control of radionuclides in water. 


Sixteen States and Territories have 


general legislation permitting control of radiation exposure but no 
numerical limits for radionuclides in water, and seven have no specific 
legislation for control of radionuclides in water. 


At least seven International and National 
agencies publish standards, recommendations, 
or guides for radionuclides in water. Although 
Tsivoglou and Burke (1) have found no basic 
conflict among these standards and guides, ex- 
tensive study of several technical publications 
is required to reconcile differences in the nu- 
merical values given. 

A listing of the published guides and limits 
for the radionuclides commonly found in water 
supplies and sources, as well as a summary of 
the regulations adopted by the States for these 
radionuclides in water, has been prepared for 
use as a reference by public health field person- 
nel responsible for the radiological quality of 
drinking water and water sources. 

The numerical guides and limits which are 
to be discussed have a variety of applications, 
and each must be considered on the basis of its 
intended application as well as on the basis of 
the numerical values given. 


1 Mr. Hickey is deputy chief, Environmental Sciences 
Section, Research Branch, Division of Radiological 
Health, Public Health Service, 12709 Twinbrook Park- 
way, Rockville, Maryland 20852. 
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Radium-226 and strontium-90, because of 
biological uptake and retention in critical or- 
gans, long life, and energetic radiation, are two 
of the most important radionuclides found in 
water. Radium-226 is found naturally in some 
well waters, and strontium-—90 is found in sur- 
face waters as a result of fallout. This report 
discusses these nuclides and also unidentified 
radionuclides. Unidentified radionuclides are 
included because measurements of gross radio- 
activity in water are relatively simple screen- 
ing procedures which can be used to reduce the 
workload when the volume of samples is large 
and little radioactivity is anticipated. 


Published standards and recommendations 


Table 1 lists recommended upper limits for 
radium-226, strontium—90, and unidentified ra- 
dionuclides in water, in some cases exclusive of 
natural background. The values applied to the 
general population are somewhat lower than 
the recommended limits of exposure for indi- 
viduals and for populations near a nuclear fa- 
cility. Although some values appear several 
times, the reader should not infer that the me- 
dian or most frequently occurring numerical 
values are necessarily the most desirable limits. 
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Various facets of these limits are discussed 
in the following text, with emphasis on applica- 
tion to the general population. In these dis- 
cussions, the agencies are referred to by the 
initials shown in table 1, and the references are 
those in table 1 except where indicated other- 
wise. 

Point of application of limits: The values shown 
in table 1 are intended to establish limits for 
human exposure to radioactive materials, and 
several of the recommendations apply at the 
point of human intake. However, the Atomic 
Energy Commission (AEC) regulations, the 
Council of State Governments (CSG) recom- 
mendations, and the National Committee on 
Radiation Protection (NCRP) suggested radia- 
tion protection regulations generally pursue 
this objective by limiting the radioactivity levels 
in effluents discharged into unrestricted areas. 

These three agencies permit discharge of 
radioactivity in excess of the limits shown in 
table 1 if it can be demonstrated that human 





exposure limits will not be exceeded. They also 
provide for more stringent limits on effluents 
discharged to unrestricted areas where circum- 
stances warrant; for example, if several instal- 
lations discharging radionuclides to the same 
stream resulted in possible human exposure 
above the recommended limits. 


FRC recommendations: The Federal Radiation 
Council (FCR) guidance for intake of radio- 
nuclides is different from the others in that it 
is based on total daily intake from all sources 
except natural background. The intake guides 
recommended by the FRC cover three broad 
ranges. The FRC recommends that “routine 
control of useful applications of radiation and 
atomic energy should be such that expected 
average exposures of suitable samples of an ex- 
posed population group will not exceed the 
upper value of Range II.” These values are 20 
pCi/day for radium—226 and 200 pCi/day for 
strontium-90. The limits per liter shown in 
table 1 for the FRC were derived from the above 





Table 1. Summary of standards and guides for radium-226, strontium-90, and unidentified 
radionuclides in water 
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Upper-limit, pCi/liter 
Point of nuclide Agency Applicable population | __ 
measurement (and reference number) group | 
Radium- Stron- Unidenti- 
226 tium-90 fied 
At point of human International Commission on | Any individual 
ingestion (drink- Radiological Protection (ICRP) 
ing water (2, 3) 10 400 10 
system) National Committee on Radia- 
tion Protection; Suggested Ra- 
diation Protection Regs. (4) 10 100 -- 
U.S. Public Health Service | General population 
Drinking Water Standards 
(PHS) (6) 3 10 — 
World Health Organization 
(WHO) (8) 10 30 — 
ICRP (2, 3) 3.3 133 3.3 
ICRP (2. 3) Population near a 10 | 400 10 
National Committee on Radia- nuclear facility 
tion Protection (NCRP) (10) 10 | 100 10 
Assay of reasonable | Federal Radiation Council | Suitable sample of 
aliquot of total (FRC) (7) an exposed popu- oe) * 90 — 
intake lation group 
In effluent water U.S. Atomic Energy Commis- | Any individual > 
at point of dis- sion (AEC) (6) 30 300 30 
charge to unre- Council of State Governments: 
stricted areas Suggested State Regulations 
for Control of Radiation, April 
1966 Revision (CSG) (9) 30 300 30 
CSG—1964 Edition (11) 10 100 10 
NCRP Suggested Radiation 
Protection Regs. (4) 10 100 = 
Annual average AEC (6) Suitable sample of 10 100 10 
intake measured | CSG—1966 Revision (9) exposed popu- 10 100 10 
at point of lation ¢ 
ingestion 














* Derived from FRC guides for total intake per day of 20 pCi of Ra and 200 pCi of Sr, assuming a dietary 
intake of 2,200 g/day total water and food (2), containing equal concentrations of these radionuclides, and no other 
radiation exposure above that from natural background. 

> Discharge limits may be raised if no individual is thus exposed to radioactivity levels in water greater than 


limits shown. 


© Discharge limits may be lowered if necessary to prevent exposure 


»f the population to radioactive intake greater 


than the intake resulting from continuous exposure to water containing the concentrations shown. 
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values assuming a daily intake of 2,200 grams 
of water and food (2) containing equal concen- 
trations of these radionuclides and no other 
radiation exposure above that from natural 
background. 


Application of guides: AEC regulations are 
binding on their licensees. Public Health Serv- 
ice (PHS) Drinking Water Standards are bind- 
ing on interstate carriers and others subject 
to Federal quarantine regulations. The FRC 
develops Federal policy on human radiation 
exposure consistent with an orderly develop- 
ment of the application of nuclear energy and 
ionizing radiation. A major function of the 
FRC is to guide “all Federal agencies in the 
formulation of radiation standards and in the 
establishment and execution of programs of 
cooperation with States” (12). The other pub- 
lished limits shown in table 1 are recommenda- 
tions of each organization. 





Radioactivity in water in relation to total ex- 
posure: Values given by the International Com- 
mission on Radiological Protection (ICRP), 
NCRP, AEC, FRC, and CSG for limiting expo- 
sure to radioactivity from drinking water ap- 
ply, either expressly or by implication, where 
there is no other significant source of internal 
radiation exposure, such as from air or food 
above that received from natural background. 
A formula has been adopted by some of the 
agencies for reducing limits in cases of exposure 
from more than one radionuclide. Under this 
formula, the sum of the concentrations of all 
radionuclides taken internally, each divided by 
its own limit, may not exceed the value of one 
(unity). 

The World Health Organization (WHO) and 
PHS standards for drinking water allow for 
additional radiation exposure from other 
sources, such as from air and food. They should 
therefore be considered as guidance levels 
rather than as upper limits. The PHS standards 
are formulated on thé basis that if these levels 
are not exceeded, water supplies shall be ap- 
proved without further consideration of other 
sources of intake of these radionuclides. The 
PHS standards also state that “when these con- 
centrations (i.e., 3 pCi/liter of radium—226 and 
10 pCi/liter of strontium-90) are exceeded, a 
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water supply shall be approved by the certify- 
ing authority if surveillance of total intake of 
radioactivity from all sources indicates that 
such intakes are within the limits recommended 
by the Federal Radiation Council for control 
action” (6). These limits are 20 pCi/day for 
radium-226 and 200 pCi/day for strontium-90 
above that received from natural background 
(7). 

The WHO limits in table 1 should also be in- 
terpreted as levels which “are merely intended 
to indicate that, if the levels are lower than 
those given, then the water is safe for use with- 
out further investigation” (8). 


Natural background: The limits in table 1 for 
AEC, NCRP, CSG, ICRP, and FRC are for 
exposure above “natural background” and 
therefore could be interpreted as not applying 
to naturally occurring radioactivity in water 
in any amount. This presents a situation in 
which the judgment of persons responsible for 
the radiological quality of drinking water could 
play a large role in the application of the guides 
—as in determining whether, for example, 20 
pCi/liter of naturally occurring radium-226 in 
a well water supply should be classed as natural 
background. ICRP specifies that its reeommen- 
dations exclude background only when it is in- 
significant. The PHS and WHO recommended 
limits include internal exposure from naturally 
occurring radioactivity. 





Soluble and insoluble nuclides: The limits given 
in table 1 for NCRP, ICRP, CSG, AEC, and 
NCRP suggested State regulations are for solu- 
ble radionuclides. Permissible limits for in- 
soluble radionuclides range up to 3,000 times 
higher for radium-226 and up to 400 times 
higher for strontium-90, reflecting a smaller 
probability of assimilating the radionuclides 
when in the insoluble state. WHO, PHS, and 
FRC limits do not specify the soluble or in- 
soluble state. 





Unidentified radionuclides: The limits for un- 
identified radionuclides in water generally co- 
incide with those for soluble radium—226. This 
in effect means that any unidentified radio- 
nuclide is presumed to be soluble radium-226, 
which has a lower allowable limit than any 
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other nuclide in water. Where total radioactiv- 
ity in water is very low, gross radiation counts 
can be used to demonstrate this, and make more 
detailed analyses unnecessary. 


Discharge to sanitary sewers: AEC and CSG 
standards for radionuclide levels in wastes dis- 
charged directly to sanitary sewers are given 
in table 2. These are from 40 to 100 times 
higher than the limits in table 1. AEC and CSG 
standards specifically exempt wastes discharged 
to sanitary sewers from the limits placed on 
other effluents discharged to unrestricted areas. 
Instead, the average monthly radionuclide con- 
centrations in the total sanitary sewer flow leav- 
ing a licensee’s installation are limited to the 
values in table 2.* Sufficient additional dilution 





Table 2. Limits for discharge of soluble radium-226, 
strontium-90, and unidentified radionuclides into 
sanitary sewers * 





Limit, pCi/liter 
Source of standard 





Radium-226 |Strontium-90| Unidentified 





U.S. Atomic Energy Commis- 
sion Regulations (5)_..-.---- 400 10,000 400 
Council of State Governments: 
Suggested State Regulations 
for Control of Radiation, 
BE abbr secinkiudsnt 400 10,000 400 
Council of State Governments: 
Suggested State Regulations 
for Control of Radiation, 
1964 Edition (11) ........-- 400 4,000 300 














* Measured at point of leaving licensee's installation 


of these wastes will ordinarily occur before 
they are capable of exposing the public, such 
as by contamination of a stream used as a drink- 
ing water source. Because the extent of dilution 
will vary, there is a large area for judgment on 
the part of the responsible persons in applying 
these limits. 


Average sample values: In determining aver- 
age radionuclide levels in drinking water for 
application of the guides and standards, all the 
agencies suggest that sample results be aver- 
aged over a l-year period, except the ICRP, 
WHO, and NCRP suggested regulations which 
recommend quarterly averaging of samples. 





2 In addition, AEC licensees are limited to a total dis- 
charge of 1 curie per year (10 CFR 20.303 b2d). 
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State regulations 


Table 3 summarizes State regulations on 
standards for radionuclides in water. Of the 
54 States and Territories, 47 have specific 
legislation or regulations enabling them to con- 
trol radioactivity in water. Of these, 31 have 
adopted some form of numerical limits for 
radionuclides in water, 16 do not have specific 
limits for radionuclides in water, and 7 have 
no specific legislation applicable to control of 
radiation exposure from water. 

Thirteen States have adopted regulations 
similar to that recommended by the CSG (1964 
edition). Seven have adopted NCRP recom- 
mendations as given in the National Bureau of 
Standards Handbook 69 by reference; of these, 
three specify “current” NCRP recommenda- 
tions, and thus automatically update their 
standards to conform with new NCRP recom- 
mendations. Three States which specifically 
adopted either the 1957 AEC regulations or the 
NCRP recommendations in NBS Handbook 52 
and 59 (13,14) still retain them. 


Table 3. Summary of State regulations for control of 
exposure of the population to radioactivity in water 


Number of 
Statesor | 
Territories 





Type of regulations 





13_.........-.| Substantiaily same as Council of State Government 1964 
recommendations 

Mbke ncdbuwwuale NCRP Standards: NBS Handbook 69 

eee Substantially same as NCRP suggested radiation 
protection regulations 

a Current AEC standards adopted by reference 

AAS a pei 1957 AEC or NBS Handbooks 52 and 59 standards 

De a athincéumaiecl | AEC continuous occupational exposure standards 
reduced by factor of 10 

ae | General legislation to control exposure but no numerical 

standards 
Di aviive Hanae | No specific applicable legislation 





* Includes D. C., Puerto Rico, Guam, and Virgin Islands. 
Sources: Atomic Energy Law Reports (/7) and most recent State 
publications. 


Interpretation of samples 


In monitoring water supplies or sources for 
radioactivity, the basic health goal is to deter- 
mine the radioactivity actually ingested by 
human beings. It is therefore important that 
samples be representative of the water con- 
sumed by the populace. Generally, treated water 
collected from representative locations may be 
composited over a 3-month period to obtain rep- 
resentative samples for radiological analysis. 
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This is possible whenever the significant radio- 
nuclides have long half-lives. Since the radio- 
nuclide concentrations may vary within a dis- 
tribution system, care must be taken in choos- 
ing sampling locations. 

Analyses of raw water, either surface or 
ground, should be viewed in light of the type 
of treatment to be provided, as conventional or 
ion exchange treatment may remove as much 
as 95 percent of the contained radioactivity 
(15). 


Considerations in setting of standards 


The critical organ in the body for both ra- 
dium-226 and strontium-90 is the skeleton. 
Experience with radiation damage to the human 
skeleton is largely limited to cases in which 
large amounts of radium (or thorium) were 
ingested by adults, through either occupational 
exposure or medication. This experience has 
played a large role in the development of stand- 
ards for internal radiation exposure. 

Since the several current standards and 
guides for radium-—226 exposure from drinking 
water are substantially of the same magnitude, 
only one, the FRC standard, will be reviewed 
here for an understanding of the factors con- 
sidered in establishing these standards and 
guides, and as a basis for estimating the factor 
of reduction built into the standards below that 
exposure from radium-—226 in drinking water 
which might be expected to result in detectable 
damage to the body. 

Based on experience with radium—226 
damage, the NCRP set the maximum body bur- 
den for radium-226 at 0.1 »Ci (13), a value 
which had been in use since 1941. The FRC 
(7,12) adopted 0.1 »Ci of radium-226 in the 
skeleton as the radiation protection guide for 
radiation workers, noting that detectable skele- 
tal damage had occurred in adults who had a 
residual radium body burden of 0.5 »Ci. The 
upper limit of the FRC Range II transient rate 
of daily intake of 2) pCi/day was considered to 
be a dose which at equilibrium would result in 
a body burden not exceeding 1/100 of that per- 
mitted in radiation workers, or a body burden 
of 0.001 »Ci of radium-226 for the average of 
a suitable sample of an exposed population 
group, or of 0.003 pCi for individuals in the 
general population. 
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Evans (16) points out that skeletal radium 
damage observed in humans has largely been 
due to radium-—226 ingestion over a short period 
of time which resulted in a residual body burden 
of about 0.5 »Ci, rather than due to chronic 
ingestion of small doses which eventually 
reached a body burden of about 0.5 »Ci. He 
estimates that this results in a “silent safety 
factor” of 15 in the radiation protection guide 
for the radiation worker. This, combined with 
the factor of 100 mentioned previously, results 
in the FRC’s guide for radium-226 exposure 
in the general population being 1,500 times 
lower than that which has been observed to 
lead to detectable skeletal damage. 

This factor may, of course, not be fully ap- 
plicable because of variations in population 
intake and the possibility of more subtle bio- 
logical damage at lower body burdens of 0.1 
nCi. Because of these uncertainties, all agencies 
publishing standards subscribe to the basic con- 
cept that radiation exposure to the populace 
be kept as low as possible, and that, in the words 
of the NCRP, “the goal should be no radioactive 
contamination of air and water and of the body 
if it can be accomplished with reasonable effort 
and expense” (13). 
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PRECISION AND SENSITIVITY OF GAMMA SPECTROMETRIC 
MEASUREMENTS IN MILK 


M. A. Wall and A. S. Goldin* 


The sensitivity and precision of a gamma spectrometric laboratory 
for routine milk samples comprising four similar detector-analyzer 
systems was studied, utilizing the results obtained on environmental 
fluid milk samples. The sensitivity of the system was evaluated by 
measurements of iodine-131 concentrations, mostly at the zero counting 
level. The precision of the system was measured on the basis of replicate 
determinations of potassium and cesium-137 at higher counting levels. 

At all levels studied, variability was not significantly different from 
that calculated from radioactivity statistics. Only at the highest level 
encountered was there any indication of a greater variability than would 
be expected on a statistical basis, and even at this level the difference 
was not significant at the 95-percent confidence level. 








It is well established that the radioactive 
disintegration process occurs in a random man- 
ner in such a way that the number of disinte- 
grations—and also the number of counts ob- 
served in a given period of time—vary in a 
way that is described by the Poisson distribu- 
bution. This variation has been generally used 
as a basis for calculating the error of radio- 
nuclide determinations or, rather, that portion 
of the error attributable to “counting statis- 
tics.” 

In the laboratories of the Division of Radio- 
logical Health, as in many other laboratories, 
gamma spectrometry is used for the direct 
measurement of a number of nuclides in vari- 
ous media. In the general case, a gamma 
spectrum consists of a linear combination of 
nuclide spectra superimposed on a background 
spectrum. 

Spectra must be mathematically analyzed in 
some way in order to determine the concentra- 
tion of the gamma-emitting nuclides in the 
sample. At the Northeastern Radiological 
Health Laboratory, the spectra are analyzed by 
assigning to each nuclide a characteristic en- 





1 Mrs. Wall is a statistician and Dr. Goldin is deputy 
officer in charge at the Northeastern Radiological 
Heezlth Laboratory, Division of Radiological Health, 
Public Health Service, Winchester, Massachusetts 01890. 
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ergy region, usually the region of the full- 
energy peak of one of its gamma photons, cor- 
recting for the contribution of other nuclides 
to this region, and then calculating the nuclide 
concentrations from calibration spectra. 

As in any analytical procedure, it is im- 
portant to know the precision, sensitivity, and 
accuracy of the method. This paper presents 
a method for the calculation of counting error 
and compares the actual precision, computed 
from replicate determinations, with the calcu- 
lated counting errors at several levels. The 
determinations of iodine-131, cesium—137, and 
potassium in milk are used as examples. 


Fundamentals 


1. The number of counts N observed in a given 
counting period follows the Poisson distribution 
with mean N and variance N. 

2. The gross counting rate Ry observed in a 
given counting period t» follows approximately a 
normal distribution with mean R» and variance 
Ry/to. The rate Ry is equal to N/to. 

3. The net (gross minus background) counting 
rate R (where R= R,—R,) follows approximately 
a normal distribution with mean R and variance 
(Ro/to+R,/t»). Here Ro and R, are the gross and 
background counting rates, respectively, observed 
over the times ty and ty. 


555 








The activity of each of the nuclides in milk 
can be analytically expressed (1) as: 


181T; G; =I1+C;,C+L;L+KiK+B; (1) 
187Cs: Gc =IcI+C+LeL+KcK+Bc (2) 
40Ba: Gp=I,1+C1.C+L+K.iK+B1. (3) 
0K: Gx=IkI+CxC+LxeL+K+Bx (4) 


The nomenclature for these equations is given be- 
low: 





Spectral region for 





Item é 
Potas- | Iodine- | Cesium-| Barium- 
sium-40 131 137 40 








Gross activity (epm) in:........-- Gk Gi Ge GL 
Background (epm) in:_-----.----- Bx Br Bc BL 
Fractional coefficient of potas- | 1 Kr Ke Ki 
sium-40 in: 
Fractional coefficient of iodine- | Ik 1 Ic IL 
in: 
Fractional coefficient of cesium- | Ck Cr 1 CL 
7 in: 
oe coefficient of barium- | Lk Li Le | 1 
in: 
Net activity (epm) of each nuclide | K I Cc | L 


in its spectral region: 














The net activities of each nuclide can then 
be expressed by equations of the form:’ 


I =a;(G; —B,)+b:(G.—Bx) +¢e:(Gc— Bc) 
+di(Gx—Bx) (5) 


which are obtained by the simultaneous solu- 
tion of equations (1) to (4). At NERHL, the 
gamma spectra of 3.5-liter milk samples in 
Marinelli beakers are obtained with 4- by 4- 
inch Nal (thallium) crystals and 200-channel 
analyzers covering the range 0 to 2 MeV (10 
keV per channel). Counting time is 50 minutes. 
The G’s of equation (5) are obtained from 
these spectra. Backgrounds are measured by 
counting 3.5-liter samples of distilled water 
in the identical configuration, giving the B’s 
of equation (5). The coefficients of equations 
(1) to (4) are obtained from gamma spectra of 
standard solutions of each nuclide, again in the 
same configuration. 

The standard deviation of 1 (or of any other 
of the nuclide counting rates) is calculated 
from equation (5) by conventional propaga- 


2 Where a, b, c, and d are constants for the specific 
nuclide. 
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tion-of-error techniques, since all the G’s and 
B’s are statistically independent. In this treat- 
ment, the coefficients are treated as being with- 
out error. In fact, however, there is an error 
associated with these coefficients from statisti- 
cal considerations and from differences in con- 
ditions between the “standard” runs and the 
“sample” runs. The statistical errors in the 
standards are reduced to negligible propor- 
tions by accumulating sufficient counts in each 
standard run. Other errors are minimized by 
controlling ambient conditions and sample vol- 
umes, and by maintaining precise control of the 
instrumentation. 

In spite of these precautions, it is clear that 
there must be, at least in theory, differences in 
conditions from run to run. Some of the causes 
of these differences, without any attempt to be 
exhaustive, would include non-identity of sam- 
ple breakers, non-identity of ambient condi- 
tions, change in crystal response or photo- 
multiplier gain with time, and analyzer drift. 


Sensitivity 


The term sensitivity as used in the discussion 
refers to the minimum detectable activity 
which is defined as that measurement which is 
significantly greater than zero at the 95-percent 
confidence level. When defined in this way, it 
is equivalent to Altshuler’s (2) “minimum 
significant measured activity.” 

The estimate of the variance, s’, in a single 
measurement of the concentration of iodine— 
131 in a milk sample is 


s*=a’s*; +b*1s*_+¢718’c +d718"x (6) 


where 
s*;=variance of (G;—B;) =(Gi+By;)t 


with similar equations for the other s”’s. The 
counting time, t, is 50 minutes throughout, and 
s is in counts per minute. 

The error in measuring a value for iodine—131 
when the concentration was actually zero was 
calculated. In these calculations, a concentra- 
tion of 1.5 grams of potassium per liter and 
various concentrations of cesium—137 and bar- 
ium-140 was assumed. The calculations are 
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summarized in figure 1. It may be observed 
that the error is virtually independent of the 
cesium-137 concentration up to 100 pCi/liter, 
and is increased by less than 1 pCi/liter at 
cesium-—137 concentrations up to 300 pCi/liter. 
Barium-140 has a greater effect on the error, 
but fortunately this nuclide is present in high 
concentrations in milk samples only when the 
iodine-131 content is also high. 
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Figure 1. Calculated counting error 
for zero-level iodine-131 


The measured iodine-131 contents of 94 
milk samples analyzed during July 1963 are 
listed in table 1. During this time, the concen- 
trations of barium—140, cesium-—137, and potas- 
sium were, respectively, 0 pCi/liter, 95 to 410 
pCi/liter, and approximately 1.5 g/liter. Since 
there was no atmospheric nuclear weapons test- 
ing during this time, the concentration of 
iodine-131 in these samples could be assumed 
to be zero. Figure 1 indicates that the error 
at the 95-percent confidence level for iodine- 


Table 1. Iodine-131 contents of 94 milk samples 
analyzed during July 1963, pCi/liter 
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131 in these samples should be between 9.4 and 
10.3 pCi/liter. 

The 94 pieces of data of table 1 were used to 
test the following hypothesis: “the distribu- 
tion of observed iodine-131 levels in milk, dur- 
ing this period, was normal with mean 0 pCi/ 
liter, and standard deviation 5 pCi/liter.”” The 
mean and standard deviation of the observed 
values were —0.5 and 5.2 pCi/liter, respectively. 
Application of the t and ,* tests (3) confirmed 
that these values were not significantly differ- 
ent from those of the hypothesis. 





PE New nn RS 
t=(%-—y)/o;= 5//ah 0.97; 
P((t|<.97) <70% (7) 
, . 94(5.2)? . 
x?=ns?/o? = (5.0)? = 101.67; 


P(x?<101.67) <75% (8) 


For visual observation, the 94 values are 
presented as a graph on normal probability 
paper (figure 2), which indicates that the data 
are distributed normally. As a further check, 
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Figure 2. Cumulative frequency function, iodine-131 in 
milk, July 1963 
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the goodness of fit to the normal line was tested 
by the Kolmogorov-Smirnov test (4). From 
all these tests, the hypothesis that the data are 
normally distributed with mean zero and stand- 
ard deviation 5 pCi/liter can be accepted, lead- 
ing to the conclusion that any result for iodine— 
131 greater than 10 pCi/liter is significantly 
different from zero at the 95-percent confidence 
level and that this is therefore the sensitivity 
of the determination. 

In order to supplement the data on sensi- 
tivity obtained at an iodine—-131 concentration 
of zero, samples containing small known quan- 
tities of iodine-131 in the presence of ordinary 
concentrations of cesium-137 and potassium 
were prepared and measured. The cesium—137 
and potassium concentrations were 119 pCi/ 
liter and approximately 1.6 g/liter, respective- 
ly. The sample was counted 10 times over a 
period of 2 weeks. The data are shown in fig- 
ure 3. The known iodine-131 activity is shown 
as the straight line, indicating its exponential 
decay. it is obvious that the points are close 
to the known values, indicating that the ac- 
curacy at low levels for iodine—131 is acceptable. 





lodine-131, pCi/liter 
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Figure 3. Low-level iodine-131 measurements 


Precision 


Most of the precision data were obtained 
from the average range of duplicate deter- 
minations which form the backbone of an in- 
ternal quality control program. One out of five 
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samples, taken randomly, is resubmitted to 
the counting room for gamma spectrometry as 
a “blind” duplicate: that is, it is submitted with 
a new number as a fresh sample. The data pre- 
sented deal with values of potassium and 
cesium—137 which were the only gamma-emit- 
ting nuclides regularly present during the 
period November 1962 to November 1964. 

Potassium. Although there is of course no 
radiological health interest in the potassium 
concentration of milk, it is necessary to correct 
for the contribution of potassium to the milk 
gamma spectrum. Accordingly, the potassium 
concentration is determined and in fact is used 
as a rough check on the spectrometry. Potas- 
sium content of milk ranges from about 1.4 to 
1.8 g/liter, with an average around 1.5 g/liter. 

The calculated counting standard deviation 
for the determination of potassium in solutions 
containing 1.5 g/liter of potassium, no iodine— 
131 nor barium-140, and 0 to 1,000 pCi/liter of 
cesium-137 is essentially constant at 0.065 
g/liter. 

This calculated standard deviation was com- 
pared with the observed standard deviation 
obtained from range measurements of 307 
duplicate analyses. The mean range was found 
to be 0.0678 g/liter. The standard deviation cor- 
responding to this mean range is 0.0601 g/liter. 
Confidence limits for the estimate of the stand- 
ard deviation calculated from the mean range 
may be computed from the formula (5): 


0.886R ane 0.886R 
1+2.V0.571/n ~~ ~1—24V0.571/n (9) 








where 


n=number of duplicate tests, 
Za = normal ordinate forconfidence level a, and 
0.886 and 0.571 are factors for sample sets of 
two observations. 


The value of o from equation (9), making 
the proper numerical substitutions, is between 
0.0554 and 0.0656, in agreement with the value 
calculated from counting statistics. Therefore, 
at the level of 1.5 grams of potassium per liter 
of milk, the precision is controlled by counting 
statistics. 
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Cesium-137. A total of 458 sets of duplicate 
determinations of cesium—137 in milk were ex- 
amined. The concentration in these samples 
varied from 50 to 500 pCi/liter. In order to 
perform the statistical analysis, the data were 
grouped according to concentration as shown 
in table 2. For each concentration the limits 


Table 2. Comparison of theoretical and observed error in 
cesium-137 determinations 





. Aver- |Observed) 95-percent | Theo- 
aa Mid- age standard)! confidence | retica 
point | Number] range deviation) level for (standard 
(pCy/ (pCi/ |ingroup| (pCi/ (pCi/ standard (deviation 
liter) liter) liter) liter) deviation (pCi/ 
(pCi/liter) liter) 





























50-100__.- 75 189 5.9 5.2 | 4.7-5.9 5.3 
100-120___ 110 52 5.4 4.8| 4.0-6.0 5.6 
120-140__- 130 73 6.9 6.1 | 5.2-7.4 | 5.7 
140-160___ 150 44 7.4| 6.6] 5.4-8.5 5.8 
160-180__. 170 38 7.2| 6.4] 5.1-8.4 | 6.0 
180-200... 190 14 8.9| 7.9] 8.7-13.1 | 6.1 
| 
200-220-_- 210 11 6.8 | 6.0 | 4.2-10.9 | 6.3 
220-240__- 230 7 6.3) 5.6 | 3.4-12.7 | 6.4 
240-260__- 250 11 7.1| 6.3 | 4.3-11.4 | 6.5 
260-280. __ 270 5 6.6 $3 3.5-17.3 6.6 
280-480___ 380 14 10.8 9.6 | 6.9-15.8 7.3 
ice Mea Rati inehatusalesadhesdl-acvahadiesssouncesit?<e 
| 





of the observed standard deviation, calculated 
from the range, were compared with the theo- 
retical standard deviation based on counting 
statistics. The latter were calculated from the 
basic equation (6). The results of these anal- 


yses are depicted in figure 4. This graph shows 
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Figure 4. Calculated and observed errors in cesium-137 
determinations 
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that the observed data fall close to the theoret- 
ical line over the range 50 to 280 pCi/liter, with 
no trend from the theoretical. Even at the high- 
est level, 280 to 480 pCi/liter, there is no sig- 
nificant increase over the theoretical error at 
the 95-percent confidence level. It is possible 
that at this level, where the counting error is 
only about 2 percent, measurement errors are 
becoming noticeable. Because of the small num- 
ber of duplicate analyses at this level, it was 
not possible to investigate further. 


Conclusion 


In the particular counting configuration de- 
scribed in this paper, which is in general use 
throughout the laboratories of the Division 
of Radiological Health, it has been found that 
the errors calculated from theoretical statis- 
tical considerations represent the total ana- 
lytical error for milk samples containing radio- 
nuclides at environmental levels. The limits 
of precision and sensitivity for these measure- 
ments are, in fact, those which are calculated 
from the theoretical considerations. Assuming 
that adequate steps are taken to insure instru- 
ment stability (i.e., daily calibration check with 
standard and daily background check), the 
precision of results obtained on a routine basis 
can be guaranteed. 
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ERRATUM. An erroneous statement appears in the report “Maine’s 
Experience with a State-operated Personnel Monitoring Program for 
Radiation Workers,” by J. W. Fuller (Radiol Health Data Rep 7 :489-492, 
September 1966). The statement on page 490, “It was observed that 
beyond a 3-year period, the image on these film badges begins to fade; 
and after 5 years, the image had faded so badly that the value of the 
film as a record is very questionable” is incorrect. Actually, there was 


insignificant fading of the image on the majority of the film badges over 
the 10-year period. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Efforts are being made by both Federal 
and State agencies to monitor the intake of 
various radionuclides in the total diet on a con- 
tinuing basis. Although the total diet is the 
most direct measure of intake of radionuclides, 
indicator foods may be used to estimate dietary 
intake where specific dietary data are not avail- 
able. As fresh milk is consumed by a large seg- 
ment of the United States population and con- 
tains most of the biologically significant radio- 
nuclides from nuclear test debris which appear 
in the diet, it is the single food item most often 
used as an indicator of the population’s intake 
of radionuclides. Moreover, it is the major 
source of dietary intake of short-lived radio- 
nuclides. In the absence of specific dietary in- 
formation, it is possible to approximate the 
total daily dietary intake of selected radio- 
nuclides as being equivalent to the intake rep- 
resented by the consumption of 1 liter of milk. 
More direct estimates of dietary intake of radio- 
nuclides than those furnished by indicator foods 
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can be obtained by analyses of the total diet or 
representative principal food items or groups 
combined with appropriate consumption data. 

The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for con- 
trolling normal peacetime operations, assuming 
continuous exposure from intake by the popula- 
tion at large (1-3). The RPG’s do not and 
cannot establish a line which is safe on one side 
and unsafe on the other; however, they do pro- 
vide an indication of when there is a need to 
initiate careful evaluation of exposure (3). 
Additional guidelines are provided by the FRC 
Protective Action Guides (4) and by the Inter- 
national Commission on Radiological Protection 
(5,6). . 

Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has been 
defined as one or more samples collected per 
month. 


Washington, D.C. 20402 (May 1965). 
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NATIONAL AND INTERNATIONAL SURVEILLANCE 


As part of continuing efforts to quantitatively 
monitor man’s exposure to radionuclides, vari- 
ous National and International organizations 
routinely monitor radionuclide levels in milk. 


Program 
Radiostrontium in milk, HASL 


July-December 1965 


In addition to those programs reported below, 
Radiological Health Data and Reports coverage 
includes: 


Period reported Last presented 


June 1966 








1. Pasteurized Milk Network 
June 1966 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) was designed to provide na- 
tionwide surveillance of radionuclide concen- 
trations in milk through sampling from major 


milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State, the 
Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 
December 1965 issue of Radiological Health 
Data (1). 

The results for June 1966 and for the second 
quarter of 1966 are presented in table 1. The 
average monthly radionuclide concentrations 
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Figure 1. Pasteurized Milk Network sampling locations 
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Table 1. Average concentrations of radionuclides in pastuerized milk for the second quarter and June 1966 * 
Strontium-89 Strontium-90 Cesium-137 Iodine-131 Barium-140 
(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations 
Second June | Second | June | Second| June | Second | June | Second | June 
quarter>; 1966 | quarter 1966 | quarter; 1966 | quarter; 1966 | quarter 1966 
1966 1966 1966 1966 1966 

Ala: OPT TOT eT TTT TELS 10 12 12 25 25 10 10 0 0 
Alaska ID sn bcc cccveccecescesesewonsesqeesse <5 15 17 40 35 0 0 0 0 
Ariz: Pichon ncaubehatessnebabetususabecea <5 3 4 10 10 0 0 0 0 
Ark: Oe SRR a re eer oe 35 32 31 40 40 40 30 10 20 
Calif NID, 6.4 wepdasssdedsedadadeocanded <5 9 8 15 15 0 0 0 0 
NR PUMNOD.. «na duiccichivscesouevecssss <5 y 7 20 15 0 0 0 0 

C.Z: Ps. .alpttinabaddabibaksseosumbaae 5 4 4 20 20 0 0 0 0 
Colo i pimibebimectiusanyiandeuesheshae <5 ll ll 25 25 0 0 0 0 
Conn irng0asccne nae snsnsbscestosecsusee 5 13 15 40 40 0 0 0 
Del DE... cccskhscaasaghsensnatceneced 5 17 16 40 30 0 0 0 0 
D.C: cd ene ctumedenddomnsonnestesee 5 13 14 30 30 0 0 0 0 
Fila: OSHA 6en254edbecBewosbuesccccacebes <5 10 10 125 135 0 10 0 0 
Ga: PD. sad chkabeatdackhastas)sbenpena 15 20 21 40 45 10 10 0 10 
SG) ih... .ctcbhnbesceuaedtedasepesoswese <5 6 6 30 25 0 0 0 0 
Idaho Idaho Falls____.----- »cuchonbanecosapbaens <5 14 12 40 35 0 0 0 0 
Ill: a a ld oe ole <5 13 13 35 25 0 0 0 0 
Ind: vss howsiavéhesseebeensanen 15 13 14 30 25 20 20 0 0 
Iowa ca aks, eS eee 25 16 17 30 25 10 20 0 0 
Kans ikhncbdvcanshénbdncccnsssdeussnndés 10 14 14 20 20 20 30 0 10 
y: Ee err 15 19 19 20 20 0 0 0 0 
La: DD. «. cndchaccke catbbwecntbsceune 10 32 34 45 50 0 10 0 0 
Maine i ihascchosdahadiotlbtacswintawtue 10 16 15 70 65 0 0 0 0 
Md: Dt cppinedtien cinedasasenbdoe homens 10 15 17 30 35 0 0 0 0 
Mass DE ipodnaseckpbsdnebbhtsinae pashan 5 17 20 60 60 0 0 0 0 
Mich Pc iadascduhbictntsacshhesnsaguaen= <5 12 11 30 25 0 0 0 0 
SE DD. sh cancckns cpa oteandinedane <5 16 17 45 35 0 0 0 0 

Minn San cdecspcocndbbescdduscencupee 10 23 26 40 35 0 10 0 0 
Miss Di tadunanatabhichetdseveddnecbb ones 20 26 26 30 35 10 20 0 10 
Mo: DE a cicththedduedbanenebbostseake 35 17 19 25 25 30 30 0 10 
a ee ee eee 55 19 23 30 30 30 40 0 10 

Mont Di cin ecccncnesedoesaeedwaaseenenedd <5 14 13 55 40 0 0 0 0 
Nebr: DE icndhnesssecnemnceshnbecenenhaniaien 20 15 17 30 25 10 20 0 0 
Nev: NN EEO DOS <5 6 6 25 25 0 10 0 0 
N.H: ON eS aM <5 17 18 80 85 0 0 0 0 
N.J: TUNE 6 wacecearcenccecsccnccsseccvcsce <5 13 14 30 30 0 0 0 0 
De ens SD, « ciccctupskbohsehssvtsbovese <5 6 6 20 20 0 20 0 0 
N.Y LD caida hain deals ehabihs acisatantemeeial <5 12 15 40 30 0 0 0 0 
i stusbenscehhtsiniwdkhs ocken om 10 15 17 40 40 0 0 0 0 

SE SEES. yee <5 13 13 40 30 0 0 0 0 

N.C: Ss scuccoketes caks bibatanpae eitetlnn 15 20 21 30 35 20 20 0 0 
i, SONS: (DAS colidccnubodealllabutdpne chedsneena <5 34 31 40 35 0 0 0 0 
Ohio: CN. a cacscdhp uldsudsecéndcwnsene 10 15 14 25 20 0 0 0 0 
i eicancinusceabensneéunscananéaneun 5 14 14 35 25 0 0 0 0 

Okla NN. 5 wade tuncduesbebes cub thees 20 14 14 20 20 20 30 0 10 
Ore: Did dd cnuescocdoscesaadeukteagsahen <5 14 15 40 40 0 0 0 0 
Pa: OD, nimecteste pésekobdihwelnaaie <5 14 14 35 30 0 0 0 0 
DE banteuniecatansatwhadedbaeessinie <5 19 21 45 40 0 0 0 0 

P.R: PC adcsasodnnqubhthhiiinesnsocs dante <5 8 8 25 25 0 0 0 0 
R.I: oo aS Te eee <5 15 19 45 45 0 0 0 0 
8.C: CN. cvtnécnnctubbasuncsascosbenesh 15 21 23 50 55 20 20 0 10 
i.  "y | I eer eEe eRe <5 21 18 45 40 0 20 0 10 
Tenn: CNG  Scbncccesdcdawéccscbceeuve 10 21 22 30 30 0 0 0 10 
Dt cumséhaaecsshdteaneetenuhanktt 15 19 19 20 20 20 20 0 10 

Tex han ¢siagrcaveddedbbusdnshoneatehanen <5 6 6 15 15 0 10 0 0 
I: -neeniGhismelbobth ects gels ehind 6 Gate 15 16 15 25 20 20 20 0 10 

Utah: ee eee ee <5 12 12 35 35 0 10 0 0 
Vt: i CD...cathpbesdddessdaboutbabausede 5 14 15 50 40 0 0 0 0 
Va: Norfolk- ._..... sicalgdhbesitudnetoswen oun 10 16 17 30 30 0 0 0 0 
Wash is niandbbinethipokehstibiadecady tekuad <5 18 21 55 55 0 0 0 0 
PDs + icncuivaccetaepdutbioonnsendonin <5 18 18 40 40 0 10 0 0 

W. Va RESETS FA 1 SEE RE SE 5 17 17 20 20 0 0 0 0 
Wis: DD nn cctuode dbUdaeGiddbe. achivese 5 10 10 40 30 0 0 0 0 
Wyo EEE ES. © STORES <5 12 13 30 35 0 0 0 0 
Network average-_____- Se ee OE Re Se re 10 | 15.2 15.7 36 34 5 7 0 2 
































* Calcium analyses were discontinued as of March 1966. 

> Quarterly averages are not reported since monthly averages for April 
tium-89. 
are based on results obtained from samples 
collected weekly. If radionuclide values were 
below minimum detectable concentrations (1), 
averages were calculated using one-half the 


minimum detectable value, except for iodine— 


were not calculated, as only 10 percent of the samples were analyzed for stron- 


131 and barium-140, where zero was used for 
averaging purposes. 

For comparative purposes, distributions of 
strontium-90 and cesium-137 are presented in 
tables 2 and 3 for June 1965 and for January 


October 1966 563 








Table 2. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network stations 
June 1965 and January-June 1966 





Table 3. Frequency distribution, cesium-137 concentrations 
in milk at Pasteurized Milk Network stations 
June 1965 anu January-June 1966 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1961—June 1966 
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Table 4. Daily iodine-131 concentrations in pasteurized milk, June 1966 





Daily iodine-131 concentrations, pCi/liter 





June 1966 
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through June 1966. The average strontium-90 
concentrations in pasteurized milk from se- 
lected cities are presented in figure 2. 

In anticipation of an intrusion of iodine-131 
levels to pasteurized milk, as a result of recent- 


October 1966 


ly reported nuclear detonations (2), the sam- 
pling and analysis frequency for this radio- 
nuclide was increased to twice weekly as of 
May 16. The individual sample results for June 
1966 are presented in table 4. 
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2. Canadian Milk Network 
June 1966: 


Radiation Protection Division 
Department of National Health and Welfare, 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At pres- 
ent, 16 milk sampling stations (figure 3) are in 
operation. Their locations coincide with air and 
precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine-131, 
and monthly composites are analyzed for stron- 
tium-90, cesium-137, and stable calcium and 


' Prepared from July 1966 monthly report “Data from 
Radiation Protection Programs,’ Canadian Department 
of National Health and Welfare, Ottawa, Canada. 





potassium. The analytical procedures were out- 
lined in the December 1965 issue of Radiological 
Health Data (3). 

The June 1966 monthly average strontium— 
90, cesium-137, and stable calcium and potas- 
sium concentrations in Canadian whole milk are 
presented in table 5. Iodine-131 concentrations 
were below minimum detectable levels. 


Table 5. Stable elements and radionuclides in Canadian 
whole milk, June 1966 














} 
Calcium |Potassium! Stron- Stron- | Cesium- 
Station (g/liter) | (g/liter) | tium-89 | tium-90 137 

(pCi/liter) | (pCi/liter) | (pCi/liter) 
EE ES. 1.13 1.5 12 20.8 33 
Edmonton- - ------ 1.08 1.6 6 17.8 44 
Ft. William- ------ 1.11 1.6 12 26.1 69 
Fredericton - --.--- 1.10 1.6 2 28.1 58 
NS enn wait 1.12 1.5 7 24.8 41 
Montreal. .---.-.-.-- 1.11 1.6 6 16.5 40 
Se: 1.12 1.6 8 12.1 34 
Md iisesinanes 1.11 1.5 8 22.9 67 
Ss  iacin in et seares 1.07 1.5 4 17.1 10 
St. John’s, Nfid____ 1.10 1.6 7 35.5 108 
Saskatoon ------_- 1.11 1.6 2 21.1 22 
Sault Ste. Marie.. - 1.09 1.6 8 24.6 69 
ee 1.13 1.5 5 11.0 33 
Vancouver... .--..- 1.14 1.6 + 22.1 91 
I nits wiemssiiesh 1.15 1.5 10 9.7 30 
Winnipeg. - - -- - - _- 1.10 1.6 28 15.3 47 
Average.......... 1.11 | 1.6 . 20.3 50 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
June 1966 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 
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Figure 4. Pan American Milk Sampling 
Program stations 


Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member countries 
(figure 4). Results of the milk sampling pro- 
gram are presented below. Further information 
on the sampling and analytical procedures em- 
ployed was presented in the December 1965 
issue of Radiological Health Data (4). 

Table 6 presents stable calcium and potas- 
sium, strontium-90, strontium-89, and cesium— 
137 monthly average concentrations for June 
1966. During this period, iodine-131 and 
barium-140 concentrations were below detecta- 
ble levels. 


Table 6. PAHO stable elements and radionuclide con- 
centrations in milk, June 1966 

















Calcium |Potassium| Stron- Stron- | Cesium- 
Sampling station | (g/liter) | (g/liter) | tium-89 | tium-90 137 
(pCi/liter)| (pCi/liter) | (pCi/liter) 
Canal Zone: 
Cristobal. -.-...- NA 1.5 5 4 2u 
Jamaica 
Kingston - ------ NS NS NS NS NS 
Mandeville --- _- NS NS NS NS NS 
Montego Bay- -- 1.11 1.6 90 12 300 
Puerto Rico: 
San Juan_..._-- NA 1.5 <5 8 25 
Venezuela: 
Caracas.......... NS NS NS NS NS 











NA, no analysis reported. 
NS, no sample collected. 





4. Annual Average Radionuclide Concentra- 
tions in Pasteurized Milk for the 12-Month 
Periods Ending September 1965 Through 

June 1966 


Division of Radiological Health 
Public Health Service 


The concentrations of specific radionuclides 
in milk analyzed as part of the Pasteurized 
Milk Network (PMN) program are reported 
on a monthly basis in Radiological Health Data 
and Reports. In terms of radiological health 
surveillance activities, an important aspect of 
these data is the estimation of resultant dose 
to population groups. 


October 1966 


Approximate relationships between certain 
radionuclide intakes and dose have been applied 
to the formulation of daily intake guides (5) 
and permissible concentrations in selected en- 
vironmental media (6). Although these guides 
are not themselves directly applicable to world- 
wide fallout, a comparison with environmental 
contamination levels does yield a measure of 
population dosage. In general, intake-dose and 
dose-biological effect relationships used in for- 
mulating the guides cited are based on continu- 
ous intake over an entire lifetime. However, for 
general surveillance purposes, yearly average 
intakes, used with discretion, may be compared 
directly with the levels adopted as lifetime in- 
take guides. Thus, the radionuclide concentra- 
tions in milk, averaged over a year’s time, to- 
gether with milk consumption data, might be 
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used in conjunction with the references cited estimating the average daily milk consumption 
above to approximate the radiation dose to a (on a volume basis) for specific age groups in 
specific population group from a specific radio- the U.S. population (7,8). 


nuclide. Tables 7 to 10 present annual averages 
of radionuclide concentrations in milk sampled 


“Annual averages for barium-140 at each station 


by the PMN.* Limited data are available for were <2 pCi/liter. 
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Table 7. Moving annual average strontium-89 concentrations in milk for 12-month periods 
starting October 1964 and ending February 1966 * 





Average strontium-89 concentrations, pCi/liter 





Sampling location 


Oct 1964- 
Sept 1965 


Nov 1964- | Dec 1964— | Jan 1965- | Feb 1965- | Mar 1955- 
Oct 1965 Nov 1965 Dec 1965 Jan 1966 Feb 1966 
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* Strontium-89 analyses were discontinued in March 1966 except for a minimum of 10 percent of selected samples. 
Consequently. strontium-89 12-month averages will no longer be reported. 
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Table 8. Moving annual average strontium-90 concentrations 7 a for 12-month periods starting October 1964 and ending 












































June 1 
Average strontium-90 concentrations, pCi/liter 
Sampling location 
Oct 1964—- |Nov 1964—| Dec 1964—| Jan 1965- | Feb 1965-|Mar 1965-| Apr 1965- |May 1965-|June 1965-|July 1965- 
Sept 1965 | Oct 1965 | Nov 1965 | Dec 1965 | Jan 1966 | Feb 1966 ar 1966 | Apr 1966 | May 1966 | June 1966 
Ala: Montgomery ----.--.- 18 17 17 16 16 15 u“4 14 13 13 
Alaska: Palmer.....- 18 17 17 17 16 16 16 15 15 15 
Ariz: Phoenix_.. 5 5 5 5 5 4 5 4 
Ark: Little Rock_- 34 33 33 32 31 31 30 29 29 29 
Calif: Sacramento. _. 6 6 6 6 6 6 
San Francisco_- 8 7 7 7 6 7 6 6 6 6 
C.Z Cristobal____--.- 4 4 4 4 4 4 4 4 4 
Colo Denver... 17 16 16 16 15 15 14 13 13 12 
Conn Hartford 16 15 14 14 14 13 13 13 12 12 
Del Wilmington 18 18 18 17 17 17 16 16 16 15 
D.C Washington 16 16 15 15 15 14 14 14 13 13 
Fla » a UR 13 13 13 13 12 12 12 12 12 12 
Ga: ROiniss de tcecesccs 25 24 24 24 23 22 22 21 20 20 
Hawaii: Honolulu_. a 10 a) i) 8 8 7 7 6 6 
Idaho: Idaho Falls 3 19 19 18 17 17 16 16 15 15 14 
Tl: Chicago._-_..- ss leads 15 15 14 14 13 13 12 12 12 1l 
Ind: Indianapolis. -------- 16 16 15 15 15 14 14 13 13 12 
Iowa: Des Moines- -- ------ 21 20 20 19 18 18 17 16 16 15 
Kans Rn A aa 17 17 16 16 16 15 15 14 14 14 
Ky 7 EEE 22 21 21 20 20 19 19 18 18 18 
La: New Orleans__-_------ 39 38 38 37 36 35 33 32 31 31 
Maine: Portland -.--.-_- chad 22 21 21 20 19 19 18 18 17 17 
Md: Baltimore wall 18 17 17 17 17 16 16 16 15 15 
Mass ER EE RS 22 21 21 20 19 19 18 17 16 16 
Mich TD AIR PE 15 14 14 13 13 13 12 12 11 ll 
Grand Rapids- - - ---- 18 17 17 16 16 16 15 15 15 15 
Minn Minneapolis------- -- 25 25 25 25 24 24 23 23 22 22 
Miss |” i ia ea SE 31 30 30 29 28 27 27 25 25 25 
Mo: Kansas City... ..-.--- 21 20 20 19 19 19 18 17 17 17 
uw fe SF 17 17 18 17 17 17 17 17 17 17 
Mont ES Sp ape aE 18 18 18 18 17 17 17 16 16 15 
Nebr Omaha._----. diene 19 19 19 18 18 18 18 17 17 16 
Nev: 6s occ maie 7 7 6 6 6 6 6 6 6 6 
N.H: Manchester-_-----.--- 23 23 23 22 22 21 21 20 19 19 
N.J: ER 15 15 14 14 14 14 13 13 13 12 
N. Mex: Albuquerque-------- 9 9 ) ) 8 7 7 7 6 6 
N.Y EE ee 15 15 14 14 13 13 12 12 11 11 
ET 19 19 18 18 17 17 16 16 15 15 
aa 15 15 15 14 14 13 13 13 12 12 
N.C: Charlotte. .......... 28 27 27 26 25 25 24 23 22 22 
OS. I oe on ameewewe 45 44 44 42 40 - 39 37 35 33 32 
Ohio: Cincinnati_.........- 16 16 16 15 15 14 14 14 13 13 
Cleveland........... 17 } 16 16 16 15 15 15 14 13 13 
Okla: Oklahoma City - - --.- 18 18 17 17 17 16 15 14 14 14 
Ore: A aE 20 19 18 17 17 16 15 15 14 13 
Pa: Philadelphia. -----_--- 16 16 16 15 15 14 14 14 13 13 
Pittsburgh--_-....-- 23 CO} 23 22 21 21 20 20 19 19 18 
P.R is cine tsaeud ll } 11 ll 10 10 10 9 y 
R.I Providence -..-.....-- | 18 18 18 17 17 16 16 15 15 14 
8.C Charleston_-_-_-...... 27 27 27 26 26 25 25 24 23 23 
8. Dak Rapid City.......... 27 27 26 26 25 24 24 23 23 21 
Tenn Chattanooga.._._...- 30 29 28 27 26 25 25 24 23 22 
| i SRE 24 23 23 22 22 21 20 19 19 18 
Tex einai ition eats 7 7 7 7 7 6 6 6 6 6 
NT eit ote se aieligieas 16 16 16 16 15 15 14 14 14 14 
Utah Salt Lake City....-.-- 20 20 19 19 18 16 16 15 13 12 
Vt: Burlington-_--....-.- 20 19 19 18 18 17 17 16 16 15 
Va: Dl. > -sapeccece 15 14 14 13 13 12 12 ll ll ll 
Wash ae SE 22 22 21 21 20 19 19 18 17 17 
Spokane. -........-.- 23 23 22 22 21 20 19 18 17 17 
W. Va Charleston. ......... 18 18 18 18 17 17 17 17 16 16 
Wis Milwaukee---_.-_-..-.-- 14 14 14 13 13 13 12 12 1l ll 
Wyo i ella 15 15 15 15 15 15 15 15 15 14 
Network average._..........-.- | 18.7 18.3 18.0 17.5 17.0 16.5 16.0 15.5 15.0 14.7 
| 




















Total dietary intake is of prime interest, and milk surveillance data. The Federal Radiation 
since the intake via milk consumption consti- Council (9) notes: “A number of studies have 
tutes only a portion of the total radionuclide shown that conservative estimates of the stron- 
intake, the relationship of milk intake to total tium-90 to calcium ratio in the total diet may 
dietary intake is of importance in evaluating be made by multiplying the ratio of strontium— 
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90 to calcium in milk in a particular locality by be made from PMN annual averages by using Ww 
1.5.”* Thus, a rough index of the total dietary this factor and the assumptions of approxi- dis 
intake of strontium—90 on an annual basis may mately 1.2 g of calcium per liter in PMN sam- of 
: Tae ples and 1.0 g daily intake of calcium. 
‘This ratio may vary from 1 to 2, depending on In the case of iodine-131, milk can be con- 
changes in rate of fallout Gopesition and relative con- sidered the major source because of the rapid 
sumption of non-milk products whose contamination : . F ss . 
reflects temporal and local distribution patterns (10). distribution and consumption of fresh milk. Ta 
Table 9. Moving annual average iodine-131 concentrations in milk for 12-month periods starting October 1964 and ending rae 
June 1966 
Average iodine-131 concentrations, pCi/liter 
Sampling location | | | | | 
Oct 1964- |Nov 1964-| Dec 1964—| Jan 1965- | Feb 1965- |Mar 1965-| Apr 1965-|May 1965-|June 1965-|July 1965- aw 
Sept 1965 | Oct 1965 | Nov 1965 | Dec 1965 Jan 1966 | Feb 1966 | Mar 1966 Apr 1966 | May 1966 | June 1966 Ala 
| | i Ala 
Ala: Montgomery....----- 0 0 0 | 0 | 0 0 0 | 0 2 2 Ari: 
Alaska ee SR 1 1 1 1 1 | 1 1 | 1 2 2 Ark 
Ariz: = Sanh apoapeE 0 0 0 | 0 0 0 0 | 0 0 0 Cal 
Ark: Little Rock_....----- 2 2 2 2 | 2 2 | 2 | 2 8 9 
Calif: Sacramento..-.----.--- 1 1 1 1 | 1 | 1 1 | 1 0 0 
San Francisco-..-- - -- 0 0 0 | 0 0 | 0 0 | 0 0 0 os 
C.2: Cristobal_........--. 0 0 0 0 0 | 0 0 0 0 0 Cor 
Colo: NID cake cages ds 2 2 2 2 2 | 2 | 2 2 2 1 Del 
Conn: ON ae 0 0 0 0 0 0 0 0 0 0 D.C 
Del: Wilmington. - - ------ 2 2 1 | 1 . 1 | 1 1 2 1 Fla 
D.C: Washington. -_-..-.- 2 2 2 | 2 | 2 | 2 2 2 2 0 
Fla: NS oie saan dice 0 0 0 | 0 | 0 | 0 | 0 | 0 1 2 oe 
Ga: Ee Rea ee 1 1 1 1 | 1 | 1 | 1 | 1 2 2 Ida 
Hawaii: Honolulu___--------- 0 0 0 0 | 0 | 0 | 0 | 0 0 0 Ill: 
Idaho Idaho Falls__-------- 2 2 2 | 2 2 | 2 | 2 2 2 1 Ind 
Ill: | 2 2 2 | 2 | 2) 2 | 2 2 2 0 Tow 
Ind: Indianapolis. - - -- - - - - 4 4 3 | 3 | 3 | 3 | 3 3 7 6 
Iowa: Des Moines- - - - -- - -- 6 6 6 | 6 | 6 | 6 | 6 | 6 5 3 = 
| | } y: 
Kans: ie, ee 2 2 2 | 2 | 2 2 | 2 | 2 4 5 La: 
Ky: Leslvitts..-----4-- 2 2 2 2 | 2 2 | 2 2 4 2 Ma 
La: New Orleans-_-----.- 2 2 2 | 2 | 2 | 2 | 2 2 2 2 Md 
Maine:  Portland....--.--.-- 2 2 1 | 1 | 1 | 1 | 1 1 1 0 Ma 
Md: Baltimore... -...---- 2 2 2 2 | 2 | 2 | 2 2 2 0 ’ 
Mass: ER 0 0 0 0 | 0 | 0 | 0 | 0 0 0 Mi 
gee ee en 3 2 2 2 | 2 | 2 | 2 | 2 2 1 Mii 
Grand Rapids- 2 2 2 2 | 2 | 2 | 2 | 2 2 0 Mis 
Minn: Minneapolis - - - 6 6 6 6 | 6 6 | 6 5 5 2 Mo 
Miss: Jackson... _- 1 1 1 | 1 | 1 1 | 1 1 2 2 
Mo: Kansas City--- 8 . 8 8 | 8 8 | 8 8 9 7 
anda sate 5 5 5 5 | 5 5 | 5 5 9 9 Me 
| Ne 
Mort: Helena.....-.------- 3 2 2 2 | 2 | 2 | 2 2 0 0 Ne 
Nebr: Omaha._.-. 4 4 4 4 | 4 4 4 4 4 2 NI 
Nev: Las Vegas. 2 2 2 | 2 | 2 2 2 2 2 2 N. 
N.H: Manchester. ie 1 1 0 | 0 0 0 0 0 0 0 N. 
N.J: Dis chonenues 1 1 0 | 0 0 0 0 0 0 0 7 
N. Mex: Albuquerque--------- 2 1 1 1 | 1 1 1 1 1 2 N." 
| 
N.Y RS. ois enone 0 0 0 0 | 0 0 0 0 0 0 
OS OS ae 2 2 1 1 1 1 1 1 1 0 N.{ 
Syracuse. ._.....---- 1 1 1 1 1 1 1 1 1 0 N. 
N.C: Charlotte. ......-..- 1 1 1 1 1 1 1 1 3 4 Oh 
Nek Meek. ........---.2 2 2 2 2 2 2 2 2 2 0 
Ohio: Cineimnati........... 2 2 2 2 2 2 2 2 2 1 
Cleveland. .....-..-- 2 2 2 2 2 2 2 2 2 0 ~ 
re 
Okla: Oklahoma City - - - - -- 2 2 2 2 2 2 2 2 6 6 Pa 
Ore: Portland. ........--- 1 1 1 1 1 1 1 1 1 1 
Pa: Philadelphia. -- --- - -- 0 0 0 0 0 0 0 0 0 0 P.] 
Pittsburgh - - --_----- 2 2 2 2 2 2 2 2 2 0 R. 
P.R: Sen... 5<-.--... 1 1 1 1 1 1 1 1 2 2 
R.I: Providence _----- - -- 0 0 0 0 0 0 0 0 0 0 8.( 
8.C: Charleston. _...-- ---- 1 1 1 1 1 1 1 1 3 4 x 
e 
$.Dak: Rapid City........_- 4 4 4 4 4 4 4 4 4 3 
Tenn: Chattanooga... -___- 1 1 1 2 2 2 2 2 3 3 Te 
Memphis-.---- - - 2 2 2 2 2 2 2 2 4 4 i 
Tex DE ihesin sores 2 2 2 2 2 2 2 2 3 3 Ut 
ie miinacone 1 1 1 1 1 1 1 1 3 4 i 
Utah Salt Lake City------- 2 2 2 2 2 2 2 2 2 1 ve 
a 
Vt: Burlington. _......-. 2 1 0 0 0 0 0 0 0 0 WwW 
Va: Natee.....:...-<.. 3 3 3 3 3 3 3 3 2 1 
Wash: NN ORI OE Fah 1 1 1 1 1 1 1 1 1 1 Ww 
Spokane. ___......_- 0 0 0 0 0 0 0 0 0 1 Ww 
W.Va: Charleston.........- 2 2 2 2 2 2 2 2 2 1 Ww 
Wis: Milwaukee. -_____-_- 3 3 2 2 2 2 2 2 2 0 — 
Wyo: Laramie........++-.<- 2 2 2 2 2 2 2 2 2 0 Ne 
Network average..............- 2 2 2 2 2 2 2 2 2 2 = 
570 Radiological Health Data and Reports 








eee, SS Oa Oar Owe a 


_ oe ee a ew ww 


a | weaerere-f - = 





With most other foods, normal processing and 
distribution allow time for the radioactive decay 
of this short-lived nuclide to insignificant levels. 

The situation with respect to strontium-89 is 


more complicated. Its half-life of some 50 days 
makes it difficult to estimate the relative con- 
tribution made by sources other than milk to 
the total dietary intake. 


Table 10. Moving annual average cesium-137 concentrations in milk for 12-month periods starting October 1964 and ending 


June 1 






















Average cesium-137 concentrations, pCi/liter 
Sampling location 
Oct 1964- |Nov 1964-| Dec 1964-| Jan 1965- | Feb 1965- |Mar 1965-| Apr 1965- |May 1965-|June 1965-| July 1965 
Sept 1965 | Oct 1965 | Nov 1965 | Dec 1965 | Jan 1966 | Feb 1966 ar 1966 | Apr 1966 | May 1966 | June 1966 
Ala: Montgomery-.---.- ---- 49 46 44 2 39 37 34 31 29 27 
Alaska et ey ee 64 61 58 7 55 54 52 49 47 46 
Ariz: pe re 22 21 21 19 19 17 16 16 15 14 
Ark: Little Rock.....-.-.-.- 63 59 56 54 52 §0 47 44 42 40 
Calif Sacramento... -----.-- 29 28 28 27 25 23 22 21 19 18 
San Francisco-_--- --- 29 29 27 27 25 24 22 20 19 19 
C.Z.: Cristobal. .........-- 39 37 35 34 33 32 30 29 28 27 
Colo Te eel ae 62 57 54 52 49 45 40 36 32 29 
Conn TR ee 76 72 68 64 60 56 51 48 44 42 
Del: Wilmington- ----..--- 64 61 58 55 51 48 45 42 40 37 
D.C: Washington-----.---- 48 45 44 43 40 38 35 33 31 29 
Fla: pa ll 181 174 168 162 156 153 148 144 138 135 
Ga: Mama S54 3 388 79 75 71 68 64 60 56 51 47 46 
Hawaii Honolulu___--.-.----- 59 56 54 51 48 45 43 40 37 36 
Idaho Idaho Falls---------- 84 82 79 75 68 63 58 53 48 44 
Ill: on NORE P EER Tae pater 68 65 62 59 54 50 46 42 38 36 
Ind: Indianapolis - -------- 54 51 48 44 41 37 34 31 29 28 
Iowa Des Moines- - - ------ 50 48 45 42 40 36 35 32 29 28 
Kans | NO PRETO 42 40 40 37 34 31 28 26 24 22 
Ky: Louisville. ........-- 44 41 39 37 34 31 28 25 24 23 
La: New Orleans__-.----- 75 71 68 66 63 61 56 52 4y 47 
Maine oo Meee 124 117 110 104 97 92 87 82 76 74 
d: Baltimore- ---------- 54 52 50 48 45 42 39 35 32 31 
Mass GN 35 0545 54565~~ 117 112 107 101 93 88 81 74 68 66 
Mich Se ae eee 67 63 60 56 52 48 43 40 35 33 
Grand Rapids---__- 76 72 68 65 61 58 53 50 47 44 
Minn Minneapolis. --.---.-- 77 74 72 67 63 60 55 51 46 43 
Miss Sa enehdvasags 52 49 46 44 41 39 35 33 32 31 
Mo: Kansas City--------- 42 41 39 37 34 31 28 26 24 23 
_ 5 SEY 41 39 37 34 32 30 29 27 25 25 
Mont: i Ear 83 79 76 73 70 66 63 59 56 53 
Nebr: Wg scosdiecesca 50 48 47 45 43 40 38 36 35 33 
Nev: Las Vagas.........-.- 37 36 34 31 29 28 26 24 22 22 
N.H: Manchester-__.-.-.-.-- 140 133 125 118 109 103 97 92 83 80 
N.J: EE ctemanap ews asl 65 62 58 54 51 47 44 40 37 35 
N. Mex: Albuquerque--..------ 36 34 31 29 27 24 22 19 17 17 
N.Y SS 84 80 76 72 66 60 55 49 43 41 
2 eae 85 80 76 71 65 61 56 51 46 45 
a ad 75 71 67 62 56 52 48 43 40 38 
N.C: SS 59 56 52 50 46 44 41 38 35 33 
N. Dak ET PSS et 103 97 92 86 78 72 66 60 53 46 
Ohio: Cincinnati_........-- 51 48 45 42 38 34 31 28 27 25 
Cleveland_____....-- 69 65 62 57 52 48 43 38 35 33 
Okla Oklahoma City- - - --- 42 40 38 36 33 31 29 26 24 22 
Ore: Portland - - _- s 82 78 74 69 66 59 54 49 45 41 
Pa: Philadelphia 60 57 54 51 48 45 41 38 35 33 
Pittsburgh - - 84 80 76 72 66 62 57 52 48 46 
P.R: San Juan... me 48 46 44 42 39 37 35 33 31 29 
R.1: Providence-.-_---..-- 90 86 81 77 72 68 64 59 53 51 
8.C: Charleston. -_-...--.- 87 85 82 78 74 72 68 63 57 55 
8. Dak Rapid City.......... 101 96 91 BY 76 68 61 55 50 46 
Tenn: Chattanooga. -- - - --- 59 55 52 50 46 43 39 37 34 32 
RS 39 37 35 33 31 29 26 24 22 20 
Tex SG wuwiaies inne a 26 25 24 23 22 20 18 17 16 15 
PRE bidda hh band ee 37 36 35 33 31 29 27 24 23 22 
Utah Salt Lake City..-..-- 99 94 91 85 77 70 64 57 48 43 
Vt: Burlington_--_-..._--- 98 94 89 84 78 73 68 57 55 
Va: MRA bGuces sed 55 52 49 46 43 41 38 36 32 30 
Wash: RE 90 85 81 77 73 69 65 62 57 53 
SS ERSEeS aS a 85 80 76 71 64 60 56 52 47 44 
W. Va Charleston __ -. ....-- 39 37 36 34 32 30 28 25 23 23 
Wis Milwaukee -----..-.- 78 74 70 66 61 57 52 48 43 41 
Wyo “ORR 63 62 59 57 54 51 48 44 42 39 
Network average..._..._....... 67 64 61 58 54 50 47 43 40 38 
































* Annual averages for barium-140 at each station were <3 pCi/liter. 
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The relative contribution of milk to the total 
dietary intake of cesium—137 is not well defined 
and depends principally on the amount of fresh- 
ly deposited cesium-137 on products used for 
human and animal consumption, and on the 
progress of cesium—137 through the food chain. 

The data in tables 7 to 10 are calculated as 
follows: results from all samples collected each 
week (Sunday through Saturday) are averaged, 
and the averages for all weeks terminating in 
each of 12 consecutive months are averaged to 
obtain the annual average.‘ To obtain the an- 
nual average daily intake (pCi/day) of radio- 
nuclides from milk, the annual average concen- 
tration values (pCi/liter) in tables 7 to 10 must 
be multiplied by the annual average daily con- 
sumption (liters/day) of milk. 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as meteorologic conditions 
and dairying practices, apart from considera- 
tions of original sources of radionuclides. The 
moving yearly average obtained by updating 
the previous 12-month average by 1 month 
shows variations averaged over the year and 
tends to minimize purely seasonal variations. 
This method, therefore, shows trends over a 
considerable period of time. 


+ Beginning with the October 1963 data, iodine-131 
values of <10 pCi/liter are considered to be zero for 
averaging purposes; previously, 5 pCi/liter was used 
for calculating the averages. 
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STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs supported by functional radiological 
health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk sur- 


veillance activities. State milk surveillance ac- 
tivities are continually undergoing develop- 
mental changes at this time. The results pre- 
sented herein are representative of current sur- 
veillance activities directed at the use of milk 
as an indicator of dietary intake of radio- 
activity. 

In addition to the State milk networks pre- 
sented herein, programs previously covered in 
Radiological Health Data and Reports include: 











State milk network Period reported Last presented 
California January-March 1966 September 1966 
Connecticut January-March 1966 August 1966 
Indiana January-March 1966 August 1966 
Michigan October-December and 

annual summary 1965 May 1966 
Minnesota January-March 1966 August 1966 
New York July—December and 

annual summary 1965 May 1966 
Oregon January-March 1966 September 1966 
Pennsylvania January—March 1966 August 1966 
Washington January—March 1966 September 1966 





1. Colorado Milk Network 
January 1965—June 1966 


Occupational and Radiological Health Division 
Colorado State Department of Public Health 


The Radiological Health Division of the 
Colorado State Department of Public Health 
initiated radiological analysis of milk in Janu- 
ary 1962. Initially, the Denver City and County 
Health Department collected a weekly compos- 
ite milk sample from the major producers in 
the Denver area for the State, as it had for the 
Public Health Service since March 1960. 


October 1966 


In August 1962, the State expanded its pro- 
gram to include the routine sampling of raw 
milk from the four major milk producing areas 
supplying the State: northeastern, southeastern, 
and western Colorado, and eastern Utah. The 
five Colorado milk sampling areas are shown 
in figure 1. 

Recent analyses have been made on samples 
coming into the State Health Department pri- 
marily for other purposes. Frequent sampling 
has been resumed only in response to some 
nuclear test announcements. At this present 
time, samples from each area may be either 
local or imported milk and may be either raw 
or pasteurized. 
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Figure 1. Colorado milk sampling areas 



























































Table 1. Potassium and radionuclides in Colorado milk, May to December 1965 and May-June 1966 
Denver Northeastern Southeastern Western Eastern Utah 
Date Potas- | Iodine- |Cesium-| Potas- | Iodine- |Cesium-| Potas- | Iodine- |Cesium-| Potas- | Iodine- |Cesium-| Potas- | Lodine- |Cesium 
sium | 131 | 137 | sium | 131 | 137 | sium | 131 | 137 | sium | 131 | 137 | sium | 131 | 137 
(g/liter)| (pCi/ | (pCi/ |(g/liter)| (pCi/ | (pCi/ |(e/liter)| (pCi/ | (pCi/ |(g/liter)} (pCi/ | (pCi/ |(e/liter)| (gCi/ | (gCi/ 
liter) liter) liter) liter) liter) liter) liter) liter) liter) liter) 
1965 
es ee 1.9 <10 45 1.6 <10 15 FY <10 27 
1.8 <10 43 1.7 <10 25 
1.9 <10 70 1.6 <10 44 
1.6 <10 50 
PRs icncnccetbaghtan ed 1.4 <10 42 1.2 <10 45 
1.3 26 49 1.2 <10 42 
1.5 <20 55 1.4 <10 43 
1.7 <10 56 1.0 <10 36 
Diiiqnwsisctseuntd 1.5 <10 37 1.3 <10 30 
1.7 <10 ll 1.6 <10 12 
Bs int ctaccese cost i <10 14 1.3 <10 30 1.7 <10 _ -S FCRSRE) ES NES 1.6 <10 42 
1.6 <10 13 1.7 <10 41 
1.5 <10 60 
1.7 <10 21 
September. ..........-- 1.4 <10 27 1.5 <10 31 1.2 <10 44 1.4 <20 <20 1.8 <20 20 
1.7 <10 | SR EN een 1.6 <10 17 
1.6 20 39 
1.7 <10 il 
a 1.7 <10 ) ee ee ee eee ee ee! ee ee ee 1.5 <10 34 
1.7 <10 17 
2.0 <20 12 
1.7 <10 12 
ht eee JLo le ceadauiccssunelsccoussivencdcalclocese 1.5 <10 20 
ee 1.7 <10 21 
1966 
BE é cecduncdtocstocce 1.3 <10 17 1.4 <10 19 1.5 <10 19 1.2 <10 <10 1.6 <10 <10 
1.3 <10 12 1.5 <10 15 1.4 <10 14 1.8 <10 26 1.6 <10 41 
1.5 <10 ll 1.5 <10 10 1.4 <10 <10 
1.7 <10 at Satisseodistnscetinteccss 1.4 <10 <10 
1.7 <10 FS Beet ee 1.6 <10 <10 
1.4 <10 A Se AS Be 1.9 <10 34 
1.6 <10 DP Ethendeltinibadiencbame 1.5 <10 23 
1.5 <10 | ee eee SS eee 1.4 <10 18 
1.5 <10 gg EP ee 1.2 <10 ll 
1.5 <10 |, aa SS 1.2 <10 14 
1.6 <10 MT Viacuitesihatetuninccsone 1.5 <10 12 
1.4 <10 19 
ES Oe fe ee ee ee ee ee ae 1.8 <10 19 1.6 <20 13 
CMG sS Sb eneaaeSoneineede beléodcocdlooucncal cobenslacbbcediecesees 1.8 <10 ll 
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Analyses are conducted for potassium, 
iodine-131, cesium-137, and barium-140, using 
gamma spectroscopy. The gamma measure- 
ment system used for milk analysis has been 
modified since results were last reported in 
1965 (1). Currently a 4- by 5-inch Nal crystal 
shielded by a modified safe’ is used. 

Minimum detectable amounts at the 95-per- 
cent confidence level are as follows: iodine-131 
(10 pCi/liter) ; barium-lanthanum-140 (15 pCi/ 
liter) ; cesium-137 (10 pCi/liter) ; and potas- 
sium (0.2 g/liter). 


Table 1 gives stable potassium, iodine—131, 
and cesium-—137 concentrations in milk deter- 
mined on samples collected from May 1965 
through June 1966. During this period, barium- 
lanthanum-140 was not detected. Results for 
January through April 1965 and January 
through April 1966 are not available. 


Previous coverage in Radiological Health Data: 








Period Issue 
July-September 1964 February 1965 
October-December 1964 and 

summary for 1962-1964 April 1965 





2. Florida Milk Network 
April-June 1966 


Division of Radiological and 
Occupational Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine—-131 analysis in 
two major areas of the State in November 1962. 
The program has since been expanded to include 
the analysis of milk for strontium-89, stron- 
tium-90, and cesium-—137, in addition to iodine- 
131. Raw milk samples are received from the 
six areas shown in figure 2. Monthly samples 
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Figure 2. Florida milk sampling areas 
October 1966 


are taken from randomly selected farms in the 
areas represented. A regional State Board of 
Health laboratory is located in each of the 
six areas referred to in this report. Each lab- 
oratory prepares a monthly composite milk 
sample for its region by combining samples 
from 10 percent of the dairy farms selected at 
random. These composite samples are then 
sent to the State Radiological Health Labora- 
tory in Orlando for analysis. In the interest of 
maintaining an active standby capability, sam- 
ples are now collected and analyzed for iodine— 
131 on a monthly basis using the resin cartridge 
technique. Milk produced in the counties com- 
prising each area is generally processed, mar- 
keted, and consumed in that area. These areas 
are characterized by differences in dairying 
practices related to the gradual transition from 
small farms in the west Florida region, where 
locally grown feeds are used, to larger farms 
in the southern areas, where different types of 
grass and predominately purchased feeds are 
used. 

Strontium-89 and strontium-90 are deter- 
mined by the ion exchange method developed 
by Porter et al.(2). Iodine-131 and cesium—137 
are determined by gamma-scintillation spec- 
trometry (3). 

Radionuclide concentration levels for April 
through June 1966 are presented in tables 2 
and 8. Strontium-89 analyses have been dis- 
continued due to extremely low levels during 
1965. During this period, iodine-131 concen- 
trations were below the minimum detectable 
level of 30 pCi/liter. 
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Table 2. Strontium-90 in Florida raw milk, April-June 1966 





Concentration, pCi/liter 











Month ) | 

| West | North | North- central! Tampa | South- 
Florida/Florida) east |Florida/Florida| east |Average 

een Florida) 

| | 
nes eee ne es ee en een een 
PEE 28.4 | 19.4| 14.5 | 15.0} 8.2| 7.5| 15.5 
in kenauns | 20.0) 21.0) 8.3) NS| 9.3) 8.5! 15.2 
ERE 36.8} 20.6) 8.3] 14.9] 11.5] 10.2 17.0 

9.7 5 


Average... | 314 | 20.5 | 10.4 | 14.9) 


NS, no sample 


Table 3. Cesium-137 in Florida raw milk, April-June 1966 





Concentration, pCi/liter 





Month | | 
West | North | North- Central Tampa | South- 


Florida|Florida, east |Florida'Florida| east |Average 
Florida} | Florida) 
Re AM (BeREe| ACRE ee yet EN ——|—-— 
April... _.. 21| 55| 144] 100| 130/ 84 90 
tins erin 27 | 55 | 120; 109 | 1445 80 89 
JUMBO... 220. 40 22 | 129 | 154 107 115 94 








Average. ___ 29 | 44) 131] 124 128 93 91 
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3. Oklahoma Milk Network 
April-June 1966 


Oklahoma State Department of Health’ 


On March 15, 1965, the Radiological Health 
Section of the Oklahoma State Department of 
Health initiated a program of analysis for 
iodine—131 in the milk produced in the State of 
Oklahoma. On March 7, 1966, analysis for 
cesium-—137 was added to the program. 

The location of the sampling stations and 
the extent of their associated milksheds are 
shown in figure 3. Of the 10 milksheds in the 
State of Oklahoma, 5 were chosen as sampling 
stations (Oklahoma City, Enid, Tulsa, Lawton, 
and Ardmore) on the basis of their size and 
location. A major criterion in the selection of 
a milkshed for sampling was the degree of over- 
lap with other milksheds being sampled. This 
overlap assists in locating small areas of pro- 
duction where the concentration of radioactivity 
might be abnormally high. 


1 Acknowledgment is accorded to the staff of the 
Radiological Health Section under the direction of Mr. 
Dale McHard, head, and Mr. Robert Craig, assistant 
engineer. 
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The sampling stations are located in the lab- 
oratory of a major milk-processing plant in 
each milkshed. While the milkshed for a par- 
ticular processing plant may not coincide ex- 
actly with that shown in figure 3, the coinci- 
dence is satisfactory for surveillance purposes. 

At the present time, samples are collected on 
Monday morning, and the analyses are com- 
pleted by Wednesday afternoon. However, if 
iodine-131 or cesium-—137 levels detected are 
such that diversion of the milk or other pre- 
cautionary methods need to be taken, the an- 
alytical method and equipment can be employed 
to sample each truck arriving at the processing 
plant. Under these conditions, only about 4 
hours would be needed to complete the analysis. 
This greatly reduced lag time for analysis would 
permit rapid decisions on the fate of each truck- 
load of raw milk. 

The analytical procedure used is a modifica- 
tion of those published by Boni (4) and Porter 
(5) and consists of passing 1 quart of milk 
through a two-section cartridge containing 
Dowex 1X8, 50-100 mesh in one section and 
potassium cobalt ferrocyanide (KCFC) in the 
other. Iodine-131 is adsorbed on the Dowex 
1X8 and cesium-137 on the KCFC. 
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Figure 3. Oklahoma milkshed sampling areas 


In practice, the cartridges are prepared in 
the laboratory and mailed to the sampling sta- 
tions where pasteurized milk is passed through 
them. The cartridges are returned to the lab- 
oratory where the sections are separated and 
the ion exchange media counted for 100 minutes 


Table 4. Concentration of iodine-131 in Oklahoma milk 











April-June 1966 
Sampling location, concentrations in pCi/liter 
Date 
1966 
Oklahoma! Enid Tulsa Lawton | Ardmore |Oklahoma 
City City * 

April 1 ND ND ND ND ND NS 
5 ND ND ND ND NS 
May 2 ND ND ND ND ND NS 
16 ND ND ND ND ND NS 

20 NS NS NS NS NS 
23 39 49 208 21 NS 
24 NS NS NS NS NS 103 
31 70 49 103 26 81 
June 2 NS NS NS NS NS 118 
NS 36 42 21 23 61 
10 NS NS NS NS NS 18 
13 NS 17 20 13 ll 23 
17 NS NS NS NS NS 15 
20 14 12 13 6 8 11 
27 ND 4 6 ND ND ND 




















Table 4 gives the concentration of iodine-131 
in Oklahoma milk for the period April 4 through 
June 27, 1966. Table 5 gives the concentration 
of cesium-137 for the period March 7 through 
June 27, 1966. 


Table 5. Concentration of cesium-137 in Oklahoma milk 
March-June 1966 











Sampling location, concentrations in pCi/liter 
Date ae 
1966 
Oklahoma| Enid Tulsa Lawton | Ardmore |Oklahoma 
City City * 
March7 NS NS 34 20 23 NS 
4 21 NS NS NS NS NS 
April 1 21 13 62 15 22 NS 
24 15 25 33 19 NS 
May 2 24 19 22 20 23 NS 
18 33 41 ll NS NS 
NS NS NS NS NS 35 
23 22 45 29 21 NS 
24 NS NS NS NS NS 34 
31 29 19 35 19 18 27 
June 2 NS NS NS NS NS 26 
NS 27 18 ND 22 
10 NS NS NS NS NS 26 
13 NS 35 23 22 25 
17 NS NS NS NS NS 30 
20 20 20 29 13 38 21 
27 21 20 29 20 15 15 























*Sample split with PHS Pasteurized Milk Network sample from 
Oklahoma City station. 

ND, non-detectable, concentrations less than 3.3 pCi/liter. 

NS, no sample received. 


in a 2-by 2-inch sodium iodide well crystal at- 
tached to a multichannel analyzer. 

The limits of detection, defined as the 3e error 
of background, are 3.3 pCi/liter for iodine-131 
and 9.7 pCi/liter for cesium—137. 


October 1966 


*Sample split with PHS Pasteurized Milk Network sample from 
Oklahoma City station. , 

NS, no sample received. 

ND, non-detectable, concentrations less than 9.7 pCi/liter. 


Previous coverage in Radiological Health Data 
and Reports: 





Period Issue 
March-—July 1965 October 1965 
August—December 1965 April 1966 
January-March 1966 July 1966 
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4. Texas Milk Network 
April-June 1966 


Texas State Department of Health? 


The Texas State Department of Health ini- 
tiated a statewide milk sampling network for 
radionuclide content in April 1964. At present, 
monthly samples of raw milk are collected from 
each of six active sampling points. In addition, 
six standby stations have been supplied sample 
containers and shipping instructions and can 
be activated immediately, if needed. The active 
and standby station locations, shown in figure 
4, were chosen to give maximum geographical 
and population coverage. 

Samples are routinely analyzed for stron- 
tium-89 and strontium-90 by a chemical sep- 
aration technique employing ion exchange col- 
umns (6). 

Potassium—40, jodine-131, cesium-137, and 
barium-140, concentrations are determined by 

2 Acknowledgment is accorded to the staff of the 


Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 


gamma-scintillation spectrometry. Details of 
the analytical procedures were presented earlier 
(7). 

Table 6 presents the April through June 1966 
radionuclide concentrations in Texas milk for 
the active sampling points. Table 7 presents 
the results of the standby sampling stations 
which were activated following the Chinese test 
of May 9, 1966. During this time, strontium- 
89 and barium—140 concentrations were below 
detectable levels. Strontium-90 and cesium- 
137 concentrations are shown graphically in 
figure 5 to indicate general trends. 
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Figure 5. Radionuclide concentrations in Texas milk 
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Table 6. Radionuclide concentrations in Texas milk, April-June 1966 


























Potassium-40, pCi/liter Strontium-90, pCi/liter 
Active sampling stations 
April May June April May June 

BO. «ct eunnccanndsincienscsasensed NS 1,280 1,190 NS 5 5 
Ps +5 ANK050bssccnend acceesdbhangesd NS 1,240 1,250 NS 7 5 
Pit tvcnnseesaubascabacciacket 1,290 1,340 1,280 3 4 5 
ER c<snnncenbsanseesusanannde 1,320 1,250 1,300 3 5 4 
NS 20 0s60006508650604.6R00RRRRRe 1,250 1,280 1,260 12 12 ll 
eR a Fe 1,100 1,280 1,240 5 6 7 
IR Dh on vn10s 64s sud vdabes sick 1,240 1,280 1,250 5.8 6.5 6.1 

Iodine-131, pCi/liter Cesium-137, pCi/liter 
DOA, ... dene acrhtakekhenkdins wavbiis. NS ND 10 NS 20 13 
Pha. cthGktundixcsevlstbhesusnaeeen NS 40 10 NS 25 15 
en dake ockesdiabiccksknaueeeeee ND 5 7 10 15 13 
RN Ed 6 Gi cecnnceekssssteeeekeeel ND 2 5 5 12 13 
DR: ccbebhoenddsabdhéseocuianaaee ND 10 5 40 35 25 
DEIR: ci dhcnsdcdahracchtasbhokneaenne ND 43 8 15 17 16 
MOOOD. cab'k cides bos bebsdacekercalest ND 16.7 7.5 17.5 20.7 16.0 























NS, no sample collected. 
ND, below detectable levels. 


Table 7. Radionuclide concentrations in Texas milk, May-June 1966 

















Number of Potassium-40 | Strontium-90/ Iodine-131 Barium-140 | Cesium-137 
Standby sampling samples (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
stations 

May | June | May June | May | June | May | June | May | June | May | June 
a en 2 4 | 1,270 | 1,200 7 5 25 20; ND/| ND 20 14 
Corpus Christi- --~---- 2 6 | 1,240 | 1,230 4 4 15 13 ND ND 20 15 
Galveston__........-- 2 5 | 1,220 | 1,200 y 12 ND 10 ND ND 38 35 
“7 a eee 3 4 | 1,280 | 1,240 6 45 10 ND ND 17 16 
Midland 1 3 | 1,260 | 1,300 3 3 10 13 ND ND 10 20 
Texarkana__.......-.- 2 2 | 1,290 | 1,250 15 18 110 | ND 15 | ND 40 35 
Wichita Falls_.......- 1 5 | 1,300 | 1,210 12 ) 140 15 15 ND 25 15 









































ND, below detectable level. 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically include: (1) the Public 
Health Service’s Institutional Total Diet Sam- 


Program 


Period reported 


pling Network, (2) the Atomic Energy Com- 
mission’s Tri-City Diet Study, (3) the Food and 
Drug Administration’s Teenage Diet Study, (4) 
the State of California’s Diet Study, and (5) the 
State of Connecticut’s Standard Diet Study. 
These networks provide data useful for develop- 
ing estimates of nationwide dietary intakes of 
radionuclides. Programs most recently reported 
in Radiological Health Data and Reports and 
not covered in this issue are listed below: 


Last presented 





Tri-City Diet, HASL 
Teenage Diet, FDA 
California Diet 
Connecticut Standard Diet 


November 1965—January 1966 
February—November 1965 
September—December 1965 
January—June 1965 





September 1966 
August 1966 

September 1966 
February 1966 





1. Radionuclides in Institutional Total Diet 
Samples 
January-March 1966 


Division of Radiological Health 
Public Health Service 


The determination of radionuclide concentra- 
tions in the diet constitutes an important ele- 
ment of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Total Diet Sampling 
Program in 1961. This program is administered 
by the Division of Radiological Health with the 
assistance of the Division of Environmental 
Engineering and Food Protection (1). 
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The program was designed to estimate the 
dietary intake of radionuclides in a selected 
population group ranging from children to 
young adults of school age. Initially, the pro- 
gram was conducted at eight institutions; as 
of January 1965, its scope had increased to 
boarding schools or institutions in 50 munici- 
palities. These institutions ranged from finan- 
cially well-to-do boarding schools to orphanages 
with severe economic limitations. 

Subsequent experience with the diets of 
school children of various ages indicted that the 
number of institutions sampled could be selec- 
tively reduced. As of July 1965, 21 institutions, 
distributed geographically as shown in figure 
1, were being sampled. Previous results showed 
that the daily intake of teenage girls and that 
of children from 9 to 12 years of age were com- 
parable, while teenage boys consumed 20 per- 
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Figure 1. Institutional diet sampling locations as of July 1965 


cent more food per day (1,2). Consequently, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intakes of 
children. 

In general, the sampling procedure is the 
same at each institution. The monthly sample 
supplied by each institution represents the edi- 
ble portion of the diet for a full 7-day week (21 
meals plus soft drinks, candy bars, or other 
in-between snacks), obtained by duplicating the 
meals of a different individual each day. Drink- 
ing water, not included in the samples, is also 
sampled periodically. Each daily sample is 
kept frozen until the end of the collection period, 
and is then packed in dry ice and shipped by 
air express to either the Southwestern Radio- 
logical Health Laboratory, Las Vegas, Nevada; 
the Southeastern Radiological Health Labora- 
tory, Montgomery, Alabama; or the Northeast- 
ern Radiological Health Laboratory, Win- 
chester, Massachusetts. A detailed description 
of sampling and analytical procedures was pre- 
sented elsewhere (3). 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from Janu- 
ary through March 1966, for children 9 to 12 
years of age. The stable elements calcium and 


October 1966 


potassium are reported in g/kg of diet, and the 
radionuclide concentrations of strontium-89, 
strontium-—90, cesium-—137, and radium-226 are 
expresed as pCi/kg of diet. 

Dietary intakes, presented in table 2, were 
obtained by multiplying the food consumption 
rate in kg/day by the concentration values given 
in table 1. The reported radionuclide concentra- 
tions of these samples are collected for radio- 
active decay to the midpoint of the sample col- 
lection period, where applicable. 

Certain of the radionuclide concentration re- 
sults have been reported as being “less than” a 
specified value. For the purpose of obtaining 
dietary intakes, “less than” 5 pCi/kg of stron- 
tium-89 was interpreted as 2.5 pCi/kg, and 
“less than” 10 pCi/kg values for iodine-131 
and barium-140 were interpreted as zero. 

The average food consumption rate during 
this period was 1.90 kg/day and was the same 
as the network average of 1.90 kg/day observed 
from 1961 through 1964 (4). 

While strontium-89 dietary intake remained 
below detectable levels, the strontium-90 diet- 
ary intake during this period remained fairly 
constant at approximately 22 pCi/day. These 
results fall within Range II as defined by the 
Federal Radiation Council (5), indicating that 
quantitative surveillance and routine control 
are recommended. 
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Table 1. Stable element and radionuclide concentrations in institutional total diets of children (9-12 years of age) 
January-March 1966 * 





























Stable elements, g/kg of diet Radionuclide concentrations, pCi/kg of diet 
Location of institution Month AEE AEE ae 
1966 
Calcium Potassium Strontium-89 | Strontium-90 Cesium-137 Radium-226 
Alaska re ie | Jan 0.7 1.3 <5 13 45 0.5 
Feb 1.0 0.9 <5 27 55 0.6 
Mar 0.5 1.2 <5 15 40 0.4 
Ariz: | eee Oa Jan 0.7 1.1 <5 10 25 0.4 
Feb 0.7 1.0 <5 14 35 0.2 
Mar > 0.6 1.1 <5 11 25 0.4 
Ark Rey GOOG... . ss eeeias ok Jan 0.7 1.4 <5 12 20 0.7 
Feb 0.7 1.5 <5 20 30 1.1 
Mar 9.7 1.6 <5 14 20 1.2 
Calif: Bee Aegies. .. .... decscsussver Jan 0.7 1.2 <5 7 20 0.3 
Feb 0.9 1.7 <5 8 20 0.4 
Mar 1.0 1.2 <5 16 20 1.0 
Colo: eee ee Jan 0.8 1.5 <5 15 30 0.2 
Feb 0.7 1.2 <5 10 20 0.4 
Mar 0.7 0.9 <5 12 10 | 0.5 
Del Welninetes........dnscentthes Jan 0.7 1.6 <5 11 35 0.9 
Feb 0.8 1.6 <5 10 40 1.1 
Mar 0.7 1.7 <5 ll 40 0.7 
Fla 0 eee ee Jan 0.7 1.4 <5 9 70 1.3 
Feb 0.9 1.6 <5 14 45 1.4 
Mar 0.7 1.5 <5 10 60 1.5 
a ee ere Jan 0.5 1.3 <5 5 35 0.2 
Feb 0.5 1.2 <5 5 25 0.4 
Mar 0.5 1.4 <5 5 25 0.5 
Idaho: SD POS dunes scivtscnencséen Jan 0.8 1.3 <5 9 45 0.7 
Feb 0.8 1.5 <5 16 35 0.8 
Mar 0.7 1.4 <5 ll 40 0.5 
Ill: n> nat ackutnndunhonteee Jan 0.8 1.5 <5 7 45 0.6 
Feb 0.7 1.4 <5 i) 45 0.5 
Mar 0.8 1.5 <5 9 40 0.4 
Ky: Dis bonnes deueeen sewn Jan 0.8 1.9 <5 12 25 1.2 
Feb 1.0 1.5 <5 16 25 2.1 
Mar 0.9 1.7 <5 14 30 1.3 
La Sk ee re Jan 0.7 1.8 <5 19 35 0.4 
Feb 0.8 1.6 <5 16 40 1.4 
Mar 0.8 1.4 <5 17 30 1.0 
Mass SO ads t ls 2thivintd. deveded Jan 0.5 1.4 <5 8 45 0.7 
Feb 0.5 1.4 <5 7 25 0.5 
Mar 0.6 1.4 <5 7 35 0.6 
Mo: 4, » wantin deena Jan 0.8 1.7 <5 10 40 0.9 
Feb 0.8 1.7 <5 ll 30 0.5 
Mar 0.6 1.5 <5 ll 35 0.8 
Ohio: 0 RS eee ae ae Se oe Jan 0.6 1.8 <5 9 35 0.8 
Feb 0.6 1.7 <5 9 55 0.7 
Mar 0.6 1.7 <5 1l 40 0.3 
Pa: NS a na th wens kgm mail Jan 0.7 1.4 <5 12 45 0.7 
Feb 0.8 1.6 <5 10 30 1.2 
Mar 0.6 1.2 <5 10 30 0.5 
8.C: be AS Ee errs es Jan 0.8 1.6 <5 20 45 1.4 
Feb 0.8 1.5 <5 13 40 1.5 
Mar 0.7 1.5 <5 15 35 1.4 
8S. Dak BN I «vo tné nactincncocen Jan 0.8 1.7 <5 14 70 0.7 
Feb 0.8 1.4 <5 13 40 0.8 
Mar 0.8 1.7 <5 14 60 0.6 
Tex: INS a so Siac e dewesecwedd Jan 0.6 1.3 <5 8 20 1.8 
Feb 0.6 1.4 <5 7 15 1.5 
Mar 0.6 1.4 <5 7 25 1.8 
Vt: FOC ee Jan 0.7 By <5 12 65 0.8 
Feb 0.7 1.5 <5 13 40 0.7 
Mar 0.7 1.5 <5 11 45 0.8 
Wash: cw wdga des. bud. A Led Jan 0.7 1.5 <5 10 50 0.3 
Feb 0.8 1.6 <5 17 70 0.4 
Mar 0.7 1.4 <5 12 40 0.4 
Institutional average... .............--..-- Jan 0.7 1.5 <5 ll 40 0.7 
Feb 0.8 1.5 <5 13 35 10.9 
Mar 0.7 1.4 <5 12 35 0.8 























* During the first quarter of 1966, both iodine-131 and barium-140 concentrations were below detectable levels. 
» The food sample for this month did not contain the milk portion of the diet. 
NA, no analysis. 


Cesium-187 intakes averaged 67 pCi/day (2) DIVISION OF RADIOLOGICAL HEALTH, PUB- 


A“ : _ . LIC HEALTH SERVICE. Radionuclides in institu- 
during this period. t Both barium-140 and tional total diet samples, January-March 1965. Radiol 
iodine-131 concentrations were below detecta- Health Data 6:548-554 (October 1965). 

ble | ] (3) DIVISION OF RADIOLOGICAL HEALTH, PUB- 
e levels. LIC MRALTE SERVICE. Pationaclides in taatite. 

tional total diet samples, ril-June 1965. Radio 
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Amer J Public Health 52:1391-1400 (September Diet Sampling Network, 1961-1964. Radiol Health 
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Table 2. Intake of stable elements and radionuclides in institutional total diet for children (9-12 years of age) 
January-March 1966 














Total Stable elements intakes, g/day Radionuclide intakes, pCi/day 
Location of institution Month weight 
1966 | (kg/day) 
Calcium Potassium Strontium-89 | Strontium-90 Cesium-137 Radium-226 
a En Jan 1.68 1.2 2.2 5 22 75 0.8 
Feb 1.93 1.9 1.7 5 52 105 1.2 
Mar 1.89 0.9 2.3 5 75 0.8 
Ariz: PORN. cscssviniend Jan 2.16 1.5 2.4 5 22 55 0.9 
Feb 1.98 1.4 2.0 5 28 70 0.4 
Mar * 1.67 1.0 1.8 5 18 40 0.7 
Ark: Little Rock. .......- Jan 1.87 1.3 2.6 5 22 35 1.3 
Feb 1.87 1.3 2.8 5 37 2.1 
Mar 1.61 1.1 2.6 5 23 30 1.9 
Calif: Los Angeles... ...-.- Jan 2.06 1.4 2.5 5 14 40 0.6 
Feb 2.13 1.9 3.6 5 17 45 0.9 
Mar 1.91 1.9 2.3 5 31 40 1.9 
Colo: Rs ccanccnésvane Jan 2.26 1.8 3.4 5 70 0.5 
Feb 2.19 1.5 2.6 5 22 45 0.9 
Mar 2.82 2.0 2.5 5 34 30 1.4 
Del Wilmington--.....--.- Jan 2.05 1.4 3.3 5 22 70 1.8 
Feb 1.80 1.4 2.9 5 18 70 2.0 
Mar 2.14 1.5 3.6 5 24 85 1.5 
Fla Pelee nccadcencved Jan 2.13 1.5 3.0 5 19 150 2.8 
Feb 2.04 1.8 3.3 5 29 90 2.9 
Mar 2.03 1.4 3.0 5 20 120 3.0 
Hawaii: Honolulu-..--..-.--- Jan 1.98 1.0 2.6 5 10 70 0.4 
Feb 2.03 1.0 2.4 5 10 50 0.8 
Mar 2.13 1.1 3.0 5 ll 55 1.1 
Idaho: Idaho Falls-_-_....-... Jan> 1.92 1.5 2.5 5 17 85 1.3 
Feb > 1.82 1.5 2.7 5 65 1.5 
Mar > 1.90 1.3 2.7 5 21 75 1.0 
Il: a Jan > 1.72 1.4 2.6 5 12 75 1.0 
Feb 1.46 1.0 2.0 5 13 65 0.7 
Mar > 1.69 1.4 2.5 5 15 70 0.7 
Ky: Louisville. .......... Jan 1.33 1.1 2.5 5 16 35 1.6 
Feb 1. 1.4 2.1 5 35 2.9 
Mar 1.22 1.1 2.1 5 17 35 1.6 
La: New Orleans- --..-..- Jan 1.73 1.2 3.1 5 33 60 0.7 
Feb ¢ 2.08 1.7 3.3 5 33 85 2.9 
Mar ¢ 2.14 1.7 3.0 5 36 65 2.1 
Mass: Outen kdaadcbe Jan 2.37 1.2 3.3 5 19 105 1.7 
Feb 2.39 1.2 3.3 5 17 6 1.2 
Mar 2.51 1.5 3.5 5 18 1.5 
Mo: eee Jan 2.59 2.1 4.4 5 26 105 2.3 
Feb 2.57 2.1 4.4 5 28 75 1.3 
Mar 2.57 1.5 3.9 5 28 90 2.1 
Ohio: Cleveland. .......... Jan 1.57 0.9 2.8 5 14 55 1.3 
Feb 1.77 1.1 3.0 5 16 95 1.2 
Mar 1.67 1.0 2.8 5 18 65 0.5 
Pa: eo Jan > 2.24 1.6 3.1 5 27 100 1.6 
Feb > 2.36 1.9 3.8 5 24 70 2.8 
Mar > 2.33 1.4 2.8 5 23 70 1.2 
8.C: Charleston--_--_.....- Jan 1.43 1.1 2.3 5 29 65 2.0 
Feb 1.74 1.4 2.6 5 23 70 2.6 
Mar @ 1.78 1.2 2.7 5 26 6 2.5 
S. Dak: Sioux Falls._......--. Jan 1.75 1.4 3.0 5 24 120 1.2 
Feb 1.91 1.5 2.7 5 25 75 1.5 
Mar 1.82 1.5 3.1 5 25 110 1.1 
Tex: pee Jan 1.59 1.0 2.1 5 13 30 2.9 
Feb 1.72 1.0 2.4 5 12 25 2.6 
Mar 1.69 1.0 2.4 5 12 40 3.0 
Vt: Burlington. --_.....-- Jan 1.31 0.9 2.2 5 16 85 1.0 
Feb 1.36 1.0 2.0 5 18 55 1.0 
Mar 1.21 0.8 1.8 5 13 55 1.0 
Wash: eee ..-| Jan> 1.73 1.2 2.6 5 17 85 0.5 
Feb > 1.53 1.2 2.4 5 26 105 0.6 
Mar > 1.30 0.9 1.8 5 16 50 0.5 
Institutional average__.___.._.- Jan 1.87 1.3 2.8 5 21 70 1.4 
Feb 1.90 1.4 2.7 5 23 65 1.5 
Mar 1.93 1.3 2.7 5 21 65 1.5 





























* The food sample for this month did not contain the milk portion of the diet. ‘ 
P b ee for this month were not used in computing the average for all institutions since food samples were collected from two or more children over 
12 years of age. 


e ane for this month were not used in computing the average for all institutions since food samples were collected from two or more children under 
9 years of age. 








. 4 Data for this month were not used in computing the average for all institutions since food ples were collected from children whose ages were 
not given. 
(5) whore ge caay Reg tur feed oe Background Period Issue 
material for the development of radiation protection J = h 1964 
standards, Report No. 2. Superintendent of Docu- April aay al ‘1965 
ments, U.S. Government Printing Office, Washington, July-September 1964 April 1965 
D.C. 20402 (September 1961). October-December and 
annual averages 1964 July 1965 
January-March 1965 October 1965 
Recent coverage in Radiological Health Data ee. 1965 Mar 1006 _— 
and Reports: October-December and 
annual averages 1965 July 1966 
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Section II. Water 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross alpha and gross beta radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These Standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing 


Program 
Radiostrontium in Tap Water, HASL 
California Water Sampling Program 
Colorado River Basin Sampling Network 
Coast Guard Water Sampling Program 
Drinking Water Analysis Frogram 
Florida Water Sampling Program 
Kentucky Water Sampling Program 
Minnesota Surface Water Sampling Program 
New York Surface Water Sampling Program 
North Carolina Water Sampling Program 
Lower Columbia River Radiological Survey 
in Oregon 
Washington Surface Water Sampling Pro- 
gram 


REFERENCES 


(1) PUBLIC HEALTH SERVICE. Drinking water 
standards, Revised 1962, PHS Publication 1956. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (March 


1963). 

(2) FEDERAL RADIATION COUNCIL. Radiation 
protection guidance for Federal agencies. Memoran- 
dum for the President, pred 1961. Reprint from 
the Federal Register of September 26, 1961. 
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radium-226 and strontium-90 as 3 pCi/liter 
and 10 pCi/liter, respectively. Limits may be 
higher if total intake of radioactivity from all 
sources indicates that such intakes are within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium-90 
and alpha emitters, the limit is 1,000 pCi/liter 
gross beta activity. Surveillance data from a 
number of Federal and State programs are 
published periodically to show current and 
long-range trends. Water programs previously 
reported in Radiological Health Data and Re- 
ports are listed below: 


1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
— alpha emitters and strontium-90, respec- 
tively. 








Period reported Last presented 
May and July-November 1965 June 1966 
January—June 1965 March 1966 


1962-1964 November 1965 
1964 November 1965 
1962 October 1965 
1964 November 1965 
May 1963-—June 1964 March 1965 
July—December 1965 July 1966 
June—December 1965 June 1966 


1964 November 1965 
August 1963—July 1964 October 1965 
July 1964—June 1965 May 1966 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, v8. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 








GROSS RADIOACTIVITY IN SURFACE WATERS OF THE 


UNITED STATES, APRIL 1966 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Public Health Service 
Water Pollution Surveillance System. Respon- 
sibility for this activity was transferred to the 
Federal Water Pollution Control Administra- 
tion on December 31, 1965. Table 1 presents 
the current preliminary results of the alpha 


and beta analysis. The radioactivity associated 
with dissolved solids provides a rough indica- 
tion of the levels which would occur in treated 
water, since nearly all suspended matter is 
removed by treatment processes. Strontium-—90 
results are reported quarterly. The stations on 
each river are arranged in the table according 
to their distance from the headwaters. Figure 
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Figure 1. Sampling locations and associated total beta activity (pCi/liter) in surface waters, April 1966 
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Table 1. 


Radioactivity in raw surface waters, April 1966 





| 


Average beta activity | 


(pCi/liter) (pCi/liter) 


| 


Stations 





Sus- | Dis- | Potat | Sus- Dis- = Total 
henoeer scared | pended | solved | 





Animas River: 

















Cedar Hill, N. Mex_. 1 | 6 | 7 | 0 2 | 2 
Arkansas River: | | 

Coolidge, Kans__--.-..; 3 | 41 | 44) <i 17 17 

Ponea City, Okia...-| 6| 25/| 31 1 | 7 s 
Atchafalaya River: | } 

Morgan City, La P 3 9 | 12 | 1 | 1 | 2 
Big Horn River: j 

Hardin, Mont... ._.- 5 22| 27] 2 | . 10 
Big Sioux River: ' | 

Sioux Falls, 8S. Dak 6 22 28 | 1 1 2 
Chena River: } 

Fairbanks, Alaska <1 | Ss 2 | 0 <1 <1 
Clearwater River: | | | | 

Lewiston, Idaho_ | 2 | 3 5 0} 0 | 0 
Clinch River: } } 

Clinton, Tenn_--. d 4 7 | 0 0 | 0 

Kingston, Tenn *_ __-| 7| 135 142 | 0 1 | 1 
Colorado River: } } 

Loma, Colo. Py Pars rere a 

Page, Ariz-_-- 1 22 23 | 0 | 6 | 6 

Boulder City, Nev. 1 | 29 | 30 0 | 10 10 

Parker Dam, Calif- | | 

Ariz. ; | 0 23 23 0 | 8 | 

Columbia River: } 

Wenatchee, Wash | 1 5 | 6 0 | 1 1 

Pasco. Wash *. oe 25 | 163 188 | 0 | 1 1 
Clatskanie, Ore... __... 10| 27 37 | o| <1 <1 
Connecticut River: | | 

Enfield Dam, Conn 1 3 4 | 0 | 0 | 0 
Cumberland River: } } 

Cheatham Lock, | 

Tenn. : 1. . 4) 2 0 | 0 

Delaware River: | | } } | 

Philadelphia, Pa. _--| 4 | 3 | 7 7% 0 | 1 
Great Lakes: | | | 

Duluth, Minn-_-. | 0 | 3 | 3 | 0 | 0 | 0 
Green River: | | 

Dutch John, Utah <1 15 | 15 | 0 3 | 3 
Hudson River: | | 

Poughkeepsie, N. Y_- 1 4 | 5 | 0 | 0 
Illinois River: | | | 

Peoria, Ill. __... ; oa 14 25 2 | 3 5 

Grafton, Il. ra 5 11 16 | 1 | 1 2 
Kansas River: | 

DeSoto, Kans... _...| 7 19 26 ee & 5 
Klamath River: | | 

Keno, Ore-.---- nal 0 5 5 0 | 0 | 0 
Maumee River: | 

Toledo, Ohio... ... .-| 4 1 ee 1 | 2 3 
Mississippi River: | 

St. Paul, Minn_.----| 2 16 18 0 2 | 2 

E. St. Louis, Ill. - - -- 17 11 28 5 1 6 

New Orleans, La- - - - 7 10 17 2 1 3 


Average alpha activity | 


— _ | 








Average alpha activity 
pCi/liter) 





a tq 


| a 
Average beta activity 
| 

| 


Stations 


Dis- | Total 
pended | solved | 


| 
Sus- | Dis- | Tonal | Sus- | 
| pended |" solved | 


Missouri River: 











Williston, N. Dak-- 6 | 14 | 20 2 2 | 4 
Bismarck, N. Dak 1 15 16 0 2 2 
Yankton, 8. Dak--_- 2 24 26 | 0} 3 | 3 
St. Joseph, Mo i 11 25 36 2 | 6 | 8 
Kansas City, Kans-_-_| 1 | 24 25 0 | 4 4 

North Platte River: 
lenry, Nebr . 2 35 | 37 <1 | 20 | 20 

Ohio River: | 
Cairo, Ill- 2 7 9 0 0 0 

Pend Oreille River: 

Albeni Falls Dam, 

Idaho- <1 4 1 0 | <1 <1 

Platte River: 

Plattsmouth, Nebr-. | 9) 24] 33 | 2 | 8 | 10 
Potomac River: | | | 

Washington, D. C_..| 5 | 4 | 9 | 0 0 0 
Rainy River: | | | 

Baudette, Minn Si» ttdi aedyowa 0 | <1 
Red River, North: 

Grand Forks, | | 

N. Dak- 6 | 19 | 25 | 1 1 | 2 

Red River, South: | | 
Alexandria, La 2 | 14 16 | 0 | 1 

Rio Grande: | 
El Paso, Tex. . 11 15 | 26 | 3 4 7 
Laredo, Tex | 30 13 43 5 | 4 o) 

San Joaquin River: | 
Vernalis, Calif___- 1 | 13 | 14 0 | 6 6 

|| San Juan River: | | 

Shiprock, N. Mex 15 | 8 | 23 3 2 | 5 
Savannah River: | | 

Port Wentworth, | 

Ga* ; 3 12 | 15 | 0 0 0 
|| Snake River: | | 
| Payette, Idaho 1 10 11 | 0 3 | 3 
Wawawai, Wash -| 10 4 | 14 0 0 | 0 
|| South Platte River: | 
| Julesburg, Colo. | 6 72 78 1 58 | 59 

Susquehanna River: | 
Conowingo, Md | 0 2 | 2 | 0 0 0 

Tennessee River: | } 

Chattanooga, Tenn. -| 1 6 7 | 0 0 0 
Wabash River: | 

New Harmony, Ind_- 4 8 12 1 1 2 
Yellowstone River: 

Sidney, Mont- 18 ill 29 6 2 8 
Maximum. --.-.-..- 30 163 188 6 58 59 
Minimum. - , ; | 0 2 2 0 0 0 

] 














* Gross beta activity at this station may not be directly comparable to gross beta activity at other stations because of the possible contribution of radio- 
nuclides from an upstream puclear facility in addition to the contribution from fallout and naturally occurring radionuclides common to all stations. 


1 indicates the average total beta activity in 
suspended-plus-dissolved solids in raw water 
collected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the June 1966 issue of Radiological 
Health Data and Reports. 

Complete data and exact sampling locations 
are published in annual compliations (1-6) or 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
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the data, if needed. They reflect no public health 
significance as the Public Health Service drink- 
ing water standards have already provided the 
basis for this assessment. Changes from or 
toward these arbitrary levels are also noted in 
terms of changes in radioactivity per unit 
weight of solids. No discussion of gross radio- 
activity per gram of dissolved or suspended 
solids for all stations of the Water Pollution 
Surveillance System will be attempted at this 
time. Comments are made only on monthly 
average values. Occasional high values from 
single weekly samples may be absorbed into a 
relatively low average. When these values are 
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significantly high, comment will be made. 

During March and April, the following sta- 
tions showed alpha radioactivity in excess of 
15 pCi/liter on dissolved solids: 

North Platte River: Henry, Nebraska 
Arkansas River: Coolidge, Kansas 
South Platte River: Julesburg, Colorado 

Ponca City, Oklahoma, on the Arkansas 
River, dropped below 15 pCi/liter on alpha 
radioactivity on dissolved solids. 

During April, Pasco, Washington, on the 
Columbia River, showed a beta radioactivity in 
slight excess of 150 pCi/liter on dissolved 
solids. At Kingston, Tennessee, on the Clinch 
River, the average beta radioactivity for the 
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month was less than 150 pCi/liter; however, 
the sample collected on April 18 yielded 328 
pCi/liter. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
National water quality network annual compilation 
of data. PHS publication No. 663, 1958 Edition. 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402. 

(2) Ibid., 1959 Edition. 

(3) Ibid., 1960 Edition. 
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(5) Ibid., 1962 Edition. 

(6) PUBLIC HEALTH SERVICE, DIVISION OF 
WATER SUPPLY AND POLLUTION CONTROL. 
Water pollution surveillance system, annual compila- 
tion of data. PHS Publication No. 663 (Revised), 
1963 Edition. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product activity. To date, this surveillance has 
been confined chiefly to gross beta analysis. 
Although such data are insufficient to assess 
total human radiation exposure from fallout, 
they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 
cally to show current and long-range trends of 


Network 
HASL Fallout Network 


Period 


October 1966 


July—December 1965 


atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of 
the Public Health Service, the Canadian De- 
partment of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and 
the Pan American Health Organization. 

On intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to the programs presented 
in this issue, the following program was previ- 
ously covered in Radiological Health Data and 
Reports: 


Issue 
September 1966 
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1. Radiation Surveillance Network 
June 1966 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States 1s conducted by the Radiation 
Surveillance Network (RSN) which regularly 
gathers sampies from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 
Maryland, for laboratory analysis. The alerting 


function of the network is provided by routine 
field estimates of the gross beta activity made 
by the station operators prior to submission of 
the samples for laboratory analysis. When high 
air levels are reported, appropriate officials are 
promptly notified. Compilation of field esti- 
mates and laboratory confirmations are re- 
ported elsewhere on a monthly basis (2). A 
detailed description of the sampling and an- 
alytical procedures was presented in the De- 
cember 1965 issue of Radiological Health Data. 

Table 1 presents the monthly average gross 
beta activity in surface air and deposition by 
precipitation during June 1966. Time profiles 
of gross beta in air for eight RSN stations are 
shown in figure 2. Gamma spectroscopy anal- 
ysis was performed on 327 air samples. Fresh 
fission products were identified in 165 air sam- 
ples during June 1966, in addition to traces 
of longer-lived fission products from earlier 
testing. 















@ SAMPLING STATIONS 
__—— Lawrence 
Winchester 
Harrisburg 
Columbus 7 Baltimore 
ls J “Sp teckaile 
Rick Washington, D.C. 
a ee tl Sa 
! Point Barrow 
i ALASKA 
' 
1% ne § 
Stations Not Shown i = bd 
@ Agana, Guam : ° St. Paul Island ae L 
@ Honolulu, Hawaii - we Adak ia bau 
@ San Juan, Puerto Rico ‘ ‘eo A 
@ Ancon, Canal Zone : —— 











Figure 1. Radiation Surveillance Network sampling stations 
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Table 1. Gross beta activity in surface air and precipitation, June 1966 









































Air surveillance Precipitation 
Number 
: 4 of samples Last 
Station location Gross beta activity, pCi/m* profile in Total 
anton : RHD&R Total deposition 
depth (mm) (nCi/m?) 
Air Pptn Maximum Minimum Average * 
Ala: Montgomery 30 3 0.74 0.15 0.30 | Feb 66 71 <20 
Alaska: pK PES I Be pe” Se a 30 0.13 <0.10 <0.10 | June 66 (°) 
Anchorage - -- 13 4 0.45 <0.10 <0.16 | Mar 66 14 <3 
Attu Island (>) July 66 (*) 
Pt onus... apuniwthenatesees< (>) Apr 66 (¢) 
MSS cahnak tS onaquebons abwe eed 20 5 0.14 <0.10 <0.10 | July 65 32 <6 
ee AT ie te re ee 6 <0.10 <0.10 <0.10 | May 66 (°) 
Pn ire nay obisasseetenecch ass ou (>) Sept 66 (*) 
EEE DOES Ie pee TD 30 0.15 <0.10 <0.10 | Aug 66 (*) 
ON ST ee es 29 <0.10 <0.10 <0.10 | Jan 66 (*) 
Ariz EE VRE SETS 26 1.30 0.24 0.67 | July 65 (¢) 
Ark: a pe oe pparere oan 12 1.08 0.13 0.35 | Mar 66 (*) 
Calif | RE Re SE ae a |S 26 1 0.33 <0.10 <0.12 | May 66 2 1 
ON EEERS FRE EO. ae 21 0.28 <0.10 <0.16 | Sept 66 (°) 
C.Z: i ccchonbas condete 16 <0.10 <0.10 <0.10 | May 66 (*) 
Colo I id omnchine wis Adaviesidecibe 29 7 1.98 <0.10 0.62 | May 66 39 <il 
Conn SRS EES ga Te PE 30 i) 0.45 <0.10 <0.22 | Apr 66 40 <10 
Del: SS Se 22 0.56 <0.10 0.24 | Feb 66 
D.C.: Washington. -__._..._.-- 28 5 0.60 <0.10 <0.27 | Aug 66 53 <12 
Fla: i wnnah sna canctoon bai 30 8 0.69 0.15 0.31 | Mar 66 147 <30 
Seow sae ss cheeses sqase gave 24 15 1.30 <0.10 0.40 | Apr 66 262 <53 
Ga: GEREN, SERRE A et (>) 5 Oct 66 65 <13 
Guam: WA SS 2. 3 Ss ea cas ee euten 30 0.54 <0.10 <0.23 | Feb 66 (*) 
Hawaii SECS SE: See are 29 0.52 <0.10 0.26 | July 66 (*) 
Idaho IT ey SO ER 29 2 0.48 <0.10 <0.24 | July 66 5 5 
Ill: 0 ee ee ee ee 29 4 0.53 <0.10 0.27 | Aug 66 17 <6 
Ind: I Sie ae ene 28 4 0.64 <0.10 0.30 | Oct 66 37 <10 
Iowa ee ae hee ee 29 8 0.48 <0.10 <0.23 | May 66 171 <46 
Kans ee ak names 30 10 0.59 <0.10 0.28 | Mar 66 169 <46 
cy: DRG owdcckvcck Vescgterelusas 27 4 0.79 0.11 0.35 | Aug 66 19 <4 
La: SN occas Gitindes acai 30 6 0.74 0.15 0.35 | Aug 66 55 <i1l 
Maine BE atise i scod sn dettests 29 9 0.48 <0.10 <0.21 | Sept 66 87 <20 
I os wnndawetanowaes 25 6 0.39 <0.10 <0.17 | May 66 31 <6 
Md: ato: i> l~decdiedmataha wenn 22 7 0.60 <0.10 0.35 | Apr 66 38 <8 
Rockville Lab... .......-.--- 15 0.47 <0.10 <0.27 | July 66 (*) 
Mass EET SOCCER 30 8 0.60 <0.10 <0.24 | Feb 66 51 <4 
EL. 50 ocnduehuwetaane des 28 8 0.39 <0.10 <0.18 | June 66 68 <15 
Mich: EDN Se a 29 7 0.53 <0.10 <0.23 | July 66 58 <18 
Minn: | SE ene ee 21 10 0.42 <0.10 <0.20 | Feb 66 103 <35 
Miss: di eh een at Medivh a aint 29 2 0.67 0.13 0.29 | Sept 66 22 <10 
Mo: semen Cy obo ce cee 29 5 0.49 <0.10 0.27 | Oct 66 57 <18 
Mont: PE. 6 saad cd bea gn eben 30 7 0.46 <0.10 <0.25 | June 66 27 <9 
Nebr: irc xssscksqeseeneceneuatinen 26 8 1.66 <0.10 <0.34 | Jan 66 64 <17 
Nev: De... .« acdg@uamebaboaeane 26 1.10 0.28 0.57 | Apr 66 (*) 
N.H: Ss oniss cnn oon weteieaaease 22 0.73 <0.10 <0.25 | Aug 66 (*) 
N.J: er ey eet 30 3 0.46 <0.10 <0.24 | Sept 66 4 <1 
Se Re ee es See 25 8 1.59 0.14 0.68 | June 66 34 <10 
N.Y: IE EE ITE LAY RPP Nip HE 9 21 0.83 <0.10 <0.24 | Oct 66 57 <12 
Re RRO RS 30 0.47 <0.10 <0.21 | May 66 (*) 
| ERE oe 30 0.37 <0.10 <0.19 | June 66 (*) 
N.C: CE oo dacihmaeinn ee sees Sites 30 4 0.70 0.16 0.34 | May 66 97 <19 
Oi, ES edt ccudncdebsseenecsecuy 26 i) 0.76 <0.10 <0.22 | Aug 66 106 <26 
Ohio: i ninnn racnpesccbagented 19 0.27 <0.10 <0.18 | Feb 66 (*) 
EE concn 6aunace sos we Sau bein 29 5 1.06 0.12 0.53 | Sept 66 20 <4 
aa 27 5 0.65 <0.10 <0.27 | Apr 66 55 <13 
Okla Oklahoma City 28 1 0.91 <0.10 0.32 | July 66 22 <4 
Ol ae Set 23 5 0.33 <0.10 <0.15 | Apr 66 84 <19 
Ore: es coh dc anhe- ma se aewain 30 7 0.61 <0.10 <0.17 | Jan 66 23 <5 
Pa: EE. woh cincwhncestincoede 29 0.43 <0.10 <0.21 | Oct 66 (*) 
P.R: I. 2 6 cicstacthesocsnwueeha 25 5 2.34 0.13 0.56 | Sent 66 146 <29 
R.1: TL. «6.06 sheawktled aakodeaadbh 2 7 0.34 <0.10 <0.17 | July 66 55 <l1l 
S.C: es See eal 26 5 0.77 <0.10 0.32 | June 66 175 <35 
8. Dak | PEE Re SSeS ae bs 30 1 1.65 <0.10 0.32 | July 65 3 4 
Tenn: OO EES Te Say aS 29 3 0.64 <0.10 0.27 | July 66 29 15 
Tex ONS eS aa eee ail 30 5 0.87 0.18 0.39 | Feb 66 15 <4 
NE SR ES Riel eS ae 30 6 1.85 <0.10 0.60 | Aug 66 47 <10 
Utah: TE EES ESE TS OR te ES 28 2 1,51 0.17 0.60 | Sept 66 1 2 
Vt: TS OPS Rs KREIS Sak, BO Ee 28 10 0.74 <0.10 <0.25 | Mar 66 76 <15 
Va: SEI aR) ae RS AE 30 8 0.44 <0.10 <0.24 | Mar 66 82 <17 
Wash: RECITES YF EEE area 29 8 0.20 <0.10 <0.10 | Mar 66 18 <4 
ESE RE ae. 30 2 0.46 <0.10 <0.19 | Feb 66 4 2 
W.Va INS wanda dadukcclacactseucces 28 3 0.71 <0.10 0.29 | June 66 8 <2 
Wis Sa PPS era aa 30 7 0.51 <0.10 0.19 | Mar 87 <28 
Wyo CR Aid wen och © dittnn bn atte aah sieibs 30 4 2.34 <0.10 0.61 | Apr 66 51 <39 
TR SII, «onic co ctdbsdecccscveccsdascas 1,851 309 2.34 <0.10 <0.28 59 <15 





























® The monthly average is calculated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 


for aver ing purposes. 


Indicates no report received. 
¢ Indicates no precipitation sample collected. 
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{ more than 10 percent of the samples contain <0.10 pCi/m', a less-than sign is placed before the average. 
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Monthly and yearly profiles of beta activity in air—Radiation Surveillance Network, 1960—June 1966 


Radiological Health Data and Reports 








2. Canadian Air and Precipitation Monitoring 
Program, June 1966' 


Surface air and precipitation data for June 
1966 are presented in table 2. 





Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


Table 2. Canadian gross beta activity in surface air and 
precipitation, June 1966 












































Precipitation 
Air surveillance measurements 
The Radiation Protection Division of the east. en ot 
Canadian Department of National Health and ee lee comma | danamle 
Welfare monitors surface air and precipitation Maxi- | Mini- |Average “pci (nGi/ 
in connection with its Radioactive Fallout Study — _—_—is. hee cscs ome sete 
Program. Twenty-four collection stations are — Caigary...._____- | gol o7] oa! o2 60 4.8 
. 1 Harbour-_--- 30 0. .0 0.0 44 1.3 
located at airports (figure 3), where the sam- Edmonton 30| 0:31 0.0| Ot 163 7:9 
. e ° Ft. iiuds 3 0.2 0 0.1 123 4.1 
pling equipment is operated by personnel from - " “ " ‘ pt Baa ye 
° ° s , Snes 30 4 J 1 1 5.7 
the Meteorological Services Branch of the De- Fredericton eee $0} 9-4) 0.0) 0.2 139 7:2 
4 ° ° ton = en ok 3 4 A P Q * 
partment of Transport. Detailed discussions of Halifax... 30| 0.4] 0.0] 0.2 62 3.7 
the sampling procedures, methods of analysis, fnuvik-—---..-.-- 30} 0.4) 0.0) 01 184 2.2 
° ° ° . t bbs eee 4 2 . é 
and interpretation of results of the radioactive  Moosonee.......- | 291 05] 0.0] o1 85 8.6 
° . Ottawa........-.. 30 0.8 0.0 0.2 145 8.1 
fallout program are contained in reports of the oe me Seen Rese STs = ad 
Department of National Health and Welfare  fecima.27-771| 30| 018! 010] 0:2 83 8:9 
Resolute ----_.-.-- 29 0.1 0.0 0.0 37 0.2 
(3-7). St. John's, Nad_-| 29| 0:5| 0.0] 0.1 39 3:8 
A summary of the sampling procedures and Saskatoon........| 30] 0.4| 0.0] 0.2 102 13.9 
° ° Sault Ste. Marie-- 30 0.5 0.0 0.2 216 12.2 
methods of analysis was presented in the De- Toronto.--....--- 30] 9.9] o.1] 03 151 8.3 
. . . ancouver....... . « e ® 
cember 1965 issue of Radiological Health Data. 
Whitehorse__--- - -- 30 0.6 0.0 0.2 89 3.3 
oo July Wate] 8] 83] Sa] $8] i] ES 
1 Prepared from information and data in the July Vinnipeg--------| . , 5. 
1966 monthly report “Data from Radiation Protection Yellowknife_--... Died Pt Moet R.. ~ oo 
Programs,” Canadian Department of National Health Network summary. 0.9 0.0 0.2 107 6.2 
and Welfare, Ottawa, Canada. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
March and April 1966 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of Mex- 
ico was established by the Comisién Nacional 
de Energia Nuclear (CNEN), México City. 
From 1952 to 1961, the network was directed by 
the Institute of Physics of the University of 
Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new Radi- 
ation Surveillance network. In 1966, the Divi- 
sion of Radiological Protection was restructured 
and its name changed to General Direction of 
Radiological Security (DRS). The network con- 
sists of 16 stations (figure 4), 11 of which are 
located at airports and operated by airline 
personnel. The remaining five stations are lo- 
cated at Mexico City, Mérida, Veracruz, San 
Luis Potosi, and Ensenada. Staff members of 
the DRS operate the station at Mexico City, 
while the other four stations are manned by 
members of the Centro de Previsién del Golfo 
de Mexico, the Chemistry Department of the 


University of Mérida, the Institute de Zonas 
Desérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas 
of the University of Baja California, respec- 
tively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency 6- x 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at 
the rate of 1,000 cubic meters per day using 
high-volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via air mail to the 
Seccién de Radioactividad Ambiental, CNEN, 
in Mexico City for assay of gross beta activity, 
allowing a minimum of 3 or 4 days after collec- 
tion for the decay of radon and thoron. The 
data is not extrapolated to the time of collection. 
Statistically, it has been found that a minimum 
of eight samples per month was needed to get 
a reliable average of activity in each station (8). 

The maximum, minimum, and average fission 
product beta concentrations in surface air dur- 
ing March and April 1966 are presented in 
tables 3 and 4. 
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Figure 4. Mexican air sampling station locations 
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Table 3. Mexican gross beta activity of airborne particulates 
March 196 


Table 4. Mexican gross beta activity of airborne particulate 





| Gross beta activity, pCi/m* 





Station | Number |__ ae mie 
| of samples | 
Maximum | Minimum Average 
| 

Po ES ee NS | 
Ciudad Jufrez__--.--.-- 10 0.4 | 0.1 0.3 
OS See eee | 10 0.5 0.1 0.3 
Ensenada...........-..] 11 0.4 | 0.1 | 0.2 
Guadalajara. -_.....-..-.- 3 | 0.2 | 0.1 
Ea eee } 7 0.5 | 0.1 0.2 
ee PU cu NS piiotr dpican } 11 | 0.7 | 0.1 0.3 
Mav, moros. - - - ——e 9 | 0.6 0.1 0.3 

| | 
Mazatlan..............- 10 | 0.5 | 0.1 0.3 
BE a 12 | 0.6 | 0.1 0.3 
SS eae | 18 | 0.7 | 0.1 0.2 
Nuevo Laredo----.__--- 10 | 0.4 | 0.1 0.3 
San Luis Potosi-_--_------ 6 | 0.2 | 0.1 0.1 
DEMONS. 55 Ja0 sg beeen’ 6 | 0.2 0.1 | 0.1 
» (sR | 15 0.4 0.1 0.3 
Tuxtla Gutiérrez *_ 
Veracrus........-..-- 13 0.5 0.1 0.3 


| | ig 4 
* Sampling discontinued February 1966 at Tuxtla Gutierrez. 
NS, no sample collected: station temporarily shutdown. 

















April 1966 
Gross beta activity, pCi/m!* 
Station Te wees od eee a pineatnsinasiti 
of samples | | 
Maximum | Minimum | Average 
a 4 0.1 | 0.1 0.1 
Ciudad. Judérez__-.....-.- 15 | 0.5 | 0.1 | 0.2 
Chihuahua. ....._._---- 8 | 0.5 | 0.1 0.2 
Basennda...- 6... ...4.. 2 0.1 0.1 0.1 
Guadalajara-_-.-.....--- NS } 
hee eee Ore 1 | 0.5 | 0.5 0.5 
La Paz_..-- } 14 | 0.4 | 0.1 0.2 
Matamoros. - -| 4 | 0.2 | 0.1 | 0.1 
Mazatlin..._..____.__.| 12 | 0.3 0.1 | 0.2 
Mérida- -___-- Ree 7 | 0.5 | 0.1 0.2 
Baewtes, DF... 24.005 560) 1 0.1 0.1 | 0.1 
Nuevo Laredo... .. 4 0.2 0.1 | 0.2 
| | 

San Luis Potosi... - .-- | 6 0.5 | <0.1 | 0.2 
Temples... kscaese 10 0:2) <01] 0.1 
Torre6n. jae ne. 10 0.2 | <0.1 0.2 
on RR Se ee 15 0.3 | 0.1 | 0.2 


NS, no sample collected: station temporarily shut down. 





| 





4. Pan American Air Sampling Program 
June 1966 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. The sampling 
equipment and analytical services are provided 
by the Division of Radiological Health, PHS, 
and are identical with those employed for the 
Radiation Surveillance Network. The air sam- 
pling station locations are shown in figure 5. 


Table 5. PAHO gross beta activity in surface air, June 1966 





Gross beta activity, pCi/m* 


Station location Number 




















of samples 

Maximum | Minimum | Average * 
Argentina: Buenos Aires_- 16 0.14 <0.10 <0.10 
Chile: Santiago.......... 26 <0.10 <0.10 <0.10 
Ecuador: Guayaquil >... . i) <0.10 <0.10 <0.10 
Jamaica: Kingston___...- 25 0.80 <0.10 <0.30 
PROM BAR. cedcadciccce 17 <0.10 <0.10 <0.10 
Venezuela: Caracas__.-.-_. 16 0.32 <0.10 <0.12 
West Indies: Trinidad___- 21 0.35 <0.10 | <0.18 
Pan American summary..| 130 | 0.80 <0.10 | <0.14 








* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If more than 10 percent of the samples contain 
<0.10 pCi/m!, a less-than sign is placed before the average. 

» Guayaquil, Equador, began reporting data in June 1966. 


October 1966 
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Figure 5. Pan American Air Sampling 
Program stations 


The June 1966 air monitoring results from 
the participating countries are given in table 5. 
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5. National Air Sampling Network 
April-June 1966 


Division of Air Pollution 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of 
the National Air Sampling Network (NASN) 
in 1953. One of the many analyses performed 
by the NASN on their air samples is for gross 
beta radioactivity. NASN stations (figure 6) 
are manned by cooperating Federal, State, and 
local agencies. The network consists of 110 
sampling stations which operation every year 
and 130 stations which operate every other 
year. A description of the sampling network 
was presented in the December 1965 issue of 





Radiological Health Data. Second quarter 1966 
gross beta activities in air are given in table 6. 


Previous coverage in Radiological Health Data 
and Reports: 








Period Issue 

Annual summary 1964 April 1965 
Annual summary 1965 April 1966 
January-March 1966 July 1966 


REFERENCES 


(1) LOCKHART, L. B., JR., and R. L. PATTERSON, 
JR. Intercalibration of the major North American 
networks employed in monitoring airborne fission 
products, NRL Report 6025. Naval Research Lab- 
oratory, Washington, D.C. 20390 (December 1963) ; 
summarized in Radiol Health Data 5:12-15 (January 
1964). 
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Figure 6. Nationa! Air Sampling Network locations, 1966 
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Table 6. NASN fission product gross beta activity in surface air, April-June 1966 





















































| Concentration, pCi/m!' Concentration, pCi/m* 
| Number an peng RR ES, 6 ttt = 
; Station name of : : Station name of 
samples| Maxi- | Mini- | Average samples | Maxi- Mini- | Average 
mum mum mum | mum | 
-_ is eK SESS aS. EES. a 
mere | <0.1 
Ariz: Paradise Valley - - - - ----- 7 10.8 0.1 | 1.9 || N. H: Concord... ee. 7 0.8 | 0.2 0.3 
ies de aduanéeeeeus 7 7.4 0.2 1.5 Coos County *......-...- ti 0.4 | 0.1 | 0.3 
RL 554. 5a coued 7 4.7 0.2 1.1] N. J: MINN on ackdcians 7 0.5) <0.1 | 0.3 
Ark: Lite Roek.........-..- 7 1.2 0.1 | 0.4 Camden. - - 7 0.4 | 0.1 | 0.2 
Montgomery County *-_- 7 0.5 0.1 | 0.3 Glassboro... ..........- 7 0.5 | 0.1 0.3 
| NN, 1 cin inaegeee 6 0.5 0.1 | 0.3 Jersey City._....-- 6 0.6 <0.1 0.3 
| West Memphis. -- ------ 6 1.5 0.1 0.5 eS Se ee a 7 0.4 | 0.1 | 0.2 
| Calif: a ctankinecee-sa% 7 1.4 0.1 0.3 Perth Amboy ----.--.--- 6 0.5 | 0.1 | 0.3 
Humboldt County *_ .-.- 7 0.2 <0.1 0.1 Trentd@.......5.. ‘ 5 0.3 | 0.2 | 0.2 
Los Angeles... -.--.--.-.--- 7 4.6 0.1 0.9 || N. Mex: Albuquerque..-.-_.------ 7 3.5 | 0.2 1.0 
|” SSE 7 0.3 0.1 0.2 Rio Arriba County *. -- -- 7 1.9 0.1 0.6 
ee 7 1.9 0.1 0.5) N.Y: Cape Vincent *........-- 7 0.4 | 0.1 | 0.2 
SS SE 6 2.2 0.1 0.5 New. 7 otk City..w.cccass 7 0.6 | 0.1 | 0.3 
San Francisco-. - - - --- --- 7 0.4 0.1 0.2} N.C: Charlotte - - - --- sachupa 7 0.8 0.1 0.3 
Colo: eae 7 1.3 0.2 0.5 Cape Hatteras *_______-- 5 0.6 0.1 0.3 
Montezuma County *...- 7 5.3 0.2 1.3 || Ohio: OS EEA HD 7 0.9 0.1 | 0.4 
Conn: SS Ree eS eS 7 0.5 <0.1 0.3 Cincinnati. _....__-- 7 0.5 | 0.1 | 0.3 
TT Cat canetonce 7 0.4 <0.1 0.2 Es oo conctuncats 7 0.7 0.1 0.4 
Del: Kent County *_.--.--.-- 7 0.6 <0.1 0.3 Columbus. - ---.-- 7 0.8; <0.1 | 0.4 
| Ps tbinanwecanacns | 6 0.5 0.2 0.3 ee ee eee 7 1.1 0.1 | 0.4 
Wilmington__..--------- | 6 1.8 0.1 0.5 Tees. ......<bddtenes 7 0.8} 0.1 0.4 
D.C: re | 7 | 0.6 <0.1 0.2 Youngstown - _-._- 7 0.8 | 0.1 | 0.3 
| Ga: Dacha dkinid o cnet 6 1.0 0.1 0.5 || Okla: Cherokee County *- - 7 0.5 | 0.3 0.3 
| Hawaii: Honolulu_..------------ 7 1.8 <0.1 0.4 Oklahoma City - 7 0.7 | 0.2 | 0.5 
egy ~~ se aigeipetpapan adi: 7 0.6 0.1 0.3 / RR aad: 7 0.9} 0.1} 0.5 
Butte County *--_.....-- 7 0.8 0.1 0.4 || Ore: Curry County *_.......- 5 0.2); <0.1 0.1 
Ill: Sn ceoee 7 0.6 0.1 0.2 Portiand_ _ - nay i 6 os) 68] 0.1 
Ind: East Chicago. - ---.-.---- | 7 0.6 0.1 0.3 || Pa: Clarion County *_..-.- | 6 0.4 | 0.1 | 0.2 
Hammond..---_---.---- 5 0.5 0.1 0.3 LABOONNEE a 0 5 5ns Koo ewes 7 0.9 <0.1 | 0.4 
Indianapolis ------.--.---- 7 0.8 0.1 0.3 Philadelphia- -.-_-_.-..-.-- 6 0.6 <0.1 | 0.3 
N. Monroe State Forest- - 6 0.5 0.1 0.3 Pittsburgh... .._....-- 7 0.6} <0.1 | 0.3 
salen shee 7 0.5 0.1 0.3 | SE eet 7 0.7| <0.1 | 0.3 
New Albany...-....-..- 6 0.8 <0.1 0.3 Warminster__.._...-..-- 7 0.5 <0.1 | 0.2 
Parke County *-....-.-.- 7 0.7 0.1 0.2 Weat Chestver..........- 7 0.7 0.1 0.3 
acc cncavnewa 7 0.5 0.1 0.3 || P. R: Re eee 7 0.7 0.1 0.3 
PE kkcsveccesen 7 0.7 0.1 0.3 DE. .<canesecased 7 1.1 0.1 0.3 
lowa: Daw ices cccces 6 0.8 0.1 0.3 RS en 7 0.5 0.1 0.2 
Delaware County *-.-.-.- 7 0.4 0.1 0.2 We Gn dw cccnusdere 7 1.6 0.1 0.4 
ST EDs, « waevecoens 7 0.5 0.1 0.2} R. I: Providence - - .- _- owe don 6 0.5 0.1 0.3 
ND. bbs i ciwane tee 7 0.4 0.1 0.2 Washington County *_ ._- 5 0.4 0.1 0.3 
Kans: Kansas City... .-.-..----- 5 0.3 0.2 0.2), 8.C: Columbia...........-- ‘ 7 | 0.8 0.1 0.3 
WR tdi nds cbAcced 7 0.6 0.1 0.3 Greenville-_-__.--.- 7 0.6 0.2 | 0.3 
Ky Sia era eect ES 7 0.6 0.1 0.3 Richland County *____.. 7| 0.4 0.1 0.3 
ee 7 0.9 0.1 0.4 |S. Dak: Black Hills Forest *___._- 6 0.6 0.1 0.3 
Louisville... ......- raced 7 0.7 0.1 0.3 t,o eee | 7 1.8 0.2 0.5 
La: New Orleans... -.-.-..---- 7 1.4 0.1 0.4 || Tenn: Chattanooga... ..........| 7 0.7 0.1 0.4 
Maine: Acadia National Park *- - 6 0.3 0.1 0.2 DE 655 > cece pede < } 7 0.9 0.1 0.4 
ot eb eeeeeat Se 5 0.3 0.1 0.2 Saas Stuns aaedl 6 0.5 0.1 0.4 
Md DE, bctoces2seeee 7 0.5 0.1 0.3 || Tex: Re Ss 7 0.8 0.1 0.4 
Calvert County *.....-..- 7 0.4 0.1 0.2 EE He RS ed 7 1.0 0.1 0.3 
Mich: DC alin paascene 7 0.5 0.1 0.3 Matagorda County *..... 6 | 1.2 0.1 0.4 
Minn NN Re 7 0.5 0.1 0.2 San Antonio- ---- pe 7 0.8 0.1 0.3 
Minneapolis. - - - -------- 7 0.5 0.1 0.2 || Utah: eres 7 0.9 0.1 0.4 
MMeoornaea.... 2. - swass---- 7 0.4 0.1 0.2 Salt Lake City........-- 7 1.9 0.1 0.6 
ye A egy al a A 6 0.4 <0.1 0.2 || Vt: NO... cconcucath 7 0.9 0.3 
Miss: Ne, ee a 7 0.7 0.1 0.3 Orange County *- 7 0.6 0.1 0.3 
Jackson County *-- - ---.- 7 1.1 0.1 0.4 || Va: Danville - - - , mad 7 1.4 <0.1 | 0.5 
Mo: Kansas City. .....--.--- 7 0.4 0.1 0.2 Ihe: sine ss seek rmbnocr 5 0.2 0.1 0.1 
RS See 6 0.6 0.1 0.3 Shenandoah Nat'l Park *. 7 0.4 <0,1 | 0.2 
Shannon County *... ---- | 6 0.9 0.1 0.3 || Wash: id ac os wanes a 7 0.3 0.1 | 0.2 
Mont: Glacier National Park *- - 7 0.9 0.1 0.3 || W. Va: Charleston. --~- - snel 6 0.5 0.1 0.3 
SEE IE 7 1.1 0.1 0.3 || Wis: Door County *.........- | 5 0.2 0.1 0.1 
Nebr: RR ines irate ness oie 7 0.4 0.1 0.2 Milwaukee... ....... P 7 0.7 0.1 0.3 
Thomas County *-.-..-..-- 7 0.8 0.1 0.3 || Wyo: CEs an a chsseced ; 7 1.1 0.1 0.5 
Nev Las vee ea lived 7 5.9 0.1 1.3 Yellowstone Park *_ __- 7 12 0.1 0.5 
White Pine County *- -.- 6 8.6 0.1 1.6 
* Denotes nonurban station. 
(2) RADIATION SURVEILLANCE NETWORK. partment of National Health and Welfare, Ottawa, 
Monthly tabulation of findings. Division of Radio- Canada (December 1962). 
logical Health, Public Health Service. Washington, (6) BEALE, J., and J. GORDON. The operation of 
D.C. 20201 (distribution by official request). the Radiation Protection Division Air Monitoring 
(3) BIRD, P. M., A. H. BOOTH, and P. G. MAR. Program, RPD-11. Department of National Health 
Annual report for 1959 on the Radioactive Fallout and Welfare, Ottawa, Canada (July 1962). 
Study Program, CNHW-RP-3. Department of Na- (7) BOOTH, A. H. The calculation of permissible 
tional Health and Welfare, Ottawa, Canada (May levels of fallout in air and water and their use in 
1960). assessing the significance of 1961 levels in Canada, 
(4) BIRD, P. M., A. H. BOOTH, and P. G. MAR. RPD-21. Department of National Health and Wel- 
Annual report for 1960 on the Radioactive Fallout fare, Ottawa, Canada (Pugnst 1962). 
Study Program, CNHW-RP-4. Department of Na- (8) VASQUEZ, M., and R. M. De NULMAN. Estudios 
tional Health and Welfare, Ottawa, Canada (Decem- sobre la radiactividad ambiental en las Republica 
ber 1961). Mexicana, 1963-1965. Comisién Nacional de Energia 
(5) MAR, P. G. Annual report for 1961 on the Radio- Nuclear. Direccién General de Seguridad Radiologica. 
active Fallout Study Program, CNHW-RP-5. De- En prensa 1966. 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sampling, 
and environmental monitoring reports. 





STRONTIUM-90 IN HUMAN BONE 


Division of Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical re- 
gion, the Public Health Service began collecting 
human bone specimens in late 1961. The target 
population includes children and young adults 
up to 25 years of age. Since strontium-90 in 
measurable amounts has been present in the 
global environment for more than a decade and 
major calcium accretion ceases by age 17 or 18, 
persons over 25-years old are of limited interest 
in the program. This has been confirmed by 
analyses of selected samples of people in older 
age groups, the results having shown their bone 
strontium-90 content to be low and age-inde- 
pendent (1). 

Although a few samples come from living per- 
sons as a result of surgical procedures, the 
majority are obtained post mortem. In the 
latter case, the specimens are limited to accident 
victims or persons who have died of an acute 
disease process that was not likely to impair 
bone metabolism. For analytical purposes, a 
sample of at least 100 grams of wet bone is 
desired. Generally, this amount is readily avail- 
able for older children, but it presents some 
difficulties from the standpoint of infants and 
children under 5 years of age. 

Most specimens received to date have been 
vertebrae and ribs. Efforts to collect long bones 


‘Period during which death occurred. 


SAMPLES, JULY-SEPTEMBER 1965' 


for comparison of results with British data have 
not been successful. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Division 
of Radiological Health, Winchester, Massa- 
chusetts. Sample collection and preparation are 
explained elsewhere (2). Strontium—90 is meas- 
ured by TBP extraction of its yttrium daughter, 
which is precipitated as an oxalate. The stron- 
tium-90 content is then calculated (3) from 
the yttrium-90 activity. For the purpose of 
maintaining analytical quality control, “blind” 
duplicate analyses are performed on 10 to 20 
percent of the samples. In addition, pools of 
animal bone ash and adult human bone ash are 
analyzed in replicate on a continuing basis. 

The results of laboratory analyses for stron- 
tium-90 in individual bones from persons dying 
during the third quarter of 1965 are presented 
in table 1, in order of increasing age within 
each sampling region. The sampling regions 
have been defined in an earlier report (5). The 
data are reported as picocuries of strontium-90 
per gram of ash (the primary determination) 
per gram of calcium (for comparison with other 
data and for purposes of model development) 
and per gram of bone (as a rough indication of 
dose). Two-sigma counting errors are reported 
for the ash concentration. Table 2 summarizes 
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Table 1. Strontium-90 in human bone, deaths during July-September 1965 















































| | Strontium-90, pCi/g of: 
} | Age at ““ | at 

Location of sample by region and State | Sex | Bonetype* | death > 

| | | (years) Ash 2¢ Ca | Bone 
| | error 
| aes 
Northeast: | 
eT Methhadstdhdisbetén sp dpsask<adelee M IV | 2 1.05 | 0.10 | 2.82 | 0.08 

usksachs db vecdhnns cath ickevhsndaeeie | M |V 2 1.73 | 0.18 | 5.19 | 0.10 
RRR E: se RERERRE Ss een G* > M |V 3 1.87 | 0.11 | 5.26 | 0.19 

ey Whcdeds sche; sks. cdibabdestena dacbnd |MIV 4 0.91 | 0.16 | 2.70 | 0.05 
SOR inci bck cen sick ce Gaaibins seston | MiV 4 1,30 | 0.11 | 3.64 | 0.13 
ORAS A CREPES. E's TARP ET F Vv 4 0.83 | 0.12 | 2.40] 0.05 
OD AAO Faea  ae ‘ | 1% 5 | 0.81 | 0.11 | 2.23 | 0.06 
PB ascesutenet ess al 2 iS 7 | 1.83 | 0.12 | 5.25 | 0.18 
Siti4i...hubeh bolted Gh bakes yoacat | M IY | 7 | 0.80 | 0:08 | 2:20 | 0.08 
RRS Re ED BOY --| , iN | 10 0.79 | 0.07 | 2.21 | 0.08 
ONS OE 8 RAAB See | MY | 11 | 1.03 | 0.07 | 2.92] 0.11 
Oe Wtstcsls Maes suisessntoenees | M |V¥ 12 | 0.99 | 0.11 | 2.56} 0.11 
cus accactenue il =a 1 16 | 1.00 | 0.07 | 2.66 | 0.15 
iissaiks sched bb dch chodek cote she able |MIYV 17 | 0.91 | 0.06 | 2.32 | 0.16 
GSE KoGda nib snnnackbhinanteun | M | V | 18 | 0.97 | 0.06 | 2.51 | 0.11 

1 
(EE RR: EPA Bc tie |MIYV | 18 0.84 | 0.07 | 2.18 | 0.12 
DUR wLaiss cdhet ncaseabeee | MIV | 19 0.82 | 0.07 | 2.17 | 0.13 
RR | M |¥ | 19 1.20 | 0.07 | 3.24 | 0.18 
ot WinibidatsshSahenkdadbnce | MIYV | 19 | 1.02 | 0.10 | 2.70 | 0.12 
__ ier tgee | M Vv | 19 | 0.72 | 0.12 | 1.85 | 0.13 
ee tes eT luMiv | 19 0.90 | 0.07 | 2.31) 0.13 
ORT sac cicsi hh dts iadiakbawabonas et Re bs | 19 | 0.60 | 0.07 | 1.57 | 0.07 
, Steer ieewe | MIYV 19 | 1.11 | 0.08 | 2.95 | 0.13 
Mass- - te. V 24 | 0.68 | 0.06 | 1.73 0.08 
N.Y |MIY | 25 | 0.50 | 0.05 | 1.31 | 0.07 
eee | M | v | 25 | 0.69 | 0.05 | 1.84 | 0.09 
Central: | | | 

BG BbbAas viens ch @rcion F Vv 4 | 0.99 | 0.09 | 2.76 | 0.09 
SIU, hb LS cuGe dab. 9 hedudidnenbbsueis au M |V | 4 | 0.92 | 0.12 | 2.44 | 0.13 
NS ena. as M iV | 5 0.99 | 0.09 | 2.55 | 0.17 
Muh Etdne bikes ac aeces | F V | 5 | 0.87 | 0.11 | 2.45 | 0.07 
Ohio_- - | M |V 6 | 0.87 | 0.10 | 2.31 0.09 
gd ee td DE ASE re | M|Y | 10 | 0.74 | 0.00 | 1.94] O.11 
Tica on, . Sch tticuitheaeh. shies <celaiiied M |V 10 | 0.81 | 0.07 | 2.27 | 0.08 
Ach tesa h sn canekucd on abi eee M | V 12 | 0.69 | 0.08 | 1.86 | 0.06 
DUNG Ses ciududsvaceccéean chs Seca vt Teen M iV | 15 1.38 | 0.12 | 3.83 | 0.10 
eis. kc ch asccndins hans bicidah shee ee M | V 16 ¥ 0.07 | 2.85 | 0.17 
Sle sires corn cn ths bemedaanianiaaiena rp iv 147 0.52 | 0.19 | 1.31 | 0.09 
OU LES Gil Re aN BAR haat F Vv | 18 0.67 | 0.08 | 1.75 | 0.06 
Bs civs ss aadeadun. davsaeeenwtveaeed M |V 21 0.73 | 0.06 | 1.91 | 0.13 
SA, is icon ink kactanadensiaks. LRG M |V 22 | 0.69 | 0.08 | 1.83 | 0.08 
icin bik tect a dkitn) deeb e ousted | M|V 23 0.63 | 0.06 | 1.64 | 0.13 
_ | Te Sie NR ; M |V 25 0.47 | 0.05 | 1.20 | 0.08 

Delta: 
aOR EEA ihe F V 2 2.43 | 0.14 | 6.56 | 0.29 
Dida napakawhabdanne 0ccncl oh enaaeeenel F V.R 4 1.35 | 0.11 | 3.56 | 0.15 
th na Dib binks cme kad vekeseneeke F V,R 5 1.64 | 0.11 | 4.38 | 0.20 
EeNRS F V.R 11 0.41 | 0.11 | 1. 0.04 
Southwest: 

ME Adit « dink cab Subinthiealinn lee M | V.R,A,1I,F | O(sb)e¢ | 0.26 | 0.03 | 0.69 | 0.03 
ap aa ae eS ee. ; M | A,F.1 O(sb)e | 0.41 | 0.05 | 0.11 | 0.04 
Ss chadcwe ke onbhduliaun ; M | AF | O(1 day)| 0.31 | 0.05 | 0.81 | 0.04 
Calif. ; tbe opie, Wet in, V,R,1 | 0 (7 day)| 0.48 | 0.08 | 1.28 | 0.03 
UMD, in chee bin dw id acai tancetieds M | V 1 | 2.74 | 0.22 | 7.77 | 0.27 
* Type of bone: V, vertebrae 

Tri 
F, femur 
I, ilium 


A, arm 
» Age given as of last birthday prior to death. 
¢ Stillborn. 


all data from 1961 through the third quarter Previous coverage in Radiological Health Data 


1965. and Reports: 
Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- Period Issue 
s : : Deaths through 1964 April 1966 
pretation of the data at appropriate stages in First Quarter 1965 Tune 1966 
the program (2-4). Second Quarter 1965 September 1966 
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Table 2. Strontium-90 in human bone samples for 5-year-age groups, 1961-1964, and 
January-September 1965 





Strontium-90. pCi/g caleium 




















Age group * Year at death > Number 
Mean ¢ | Minimum Maximum 

0-4 years. .......-.- PY He H 4 ; : 
44 | 4.5 | 1.0 13.0 
67 | 4.4 | 1.0 8.7 
53 | 3.9 | 0.7 8.9 

5-2 years .......... 3 | 2.7 | a aa 
; 2.7 | ‘ y 
43 | 3.9 | 1.8 9.1 
64 | 3.6 1.2 7.0 
33 3.0 1.3 6.4 

10-14 years. _.......- RB 1.8 } 3.8 | 3.8 

! 

47 | 2:9 | 1.1 | 9.0 
56 | 3.1 | 0.9 5.7 
31 | 2.8 | 1.1 5.2 

15-19 years__.......- - | as oe aa 
31 | .2 | ' 6 
73 | 2.6 | 1.0 7.0 
58 2.9 1.2 8.0 
43 | 2.3 | 1.3 4.7 

20-24 years........-- R +: | as ars 
61 | 2:2 | 0.9 |, 5.0 
52 | 2.2 0.8 | 4.3 
29 | 1.9 | 1.0 | 2.8 


1965, January—September - - - ---| 





® Age given as of last birthday prior to death; ages greater than 24 years not included. 


» Or surgical procedure. 


© Mean values in this table for the various years within each age group may not be directly comparable because 
of variations in sampling locations from year to year. However, the data are given as asummary of presently available 


bone results. 
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IODINE-131 IN BOVINE THYROIDS, JULY-DECEMBER 1965 


Division of Radiological Health 
Public Health Service 


To supplement its existing environmental sur- 
veillance systems, the Division of Radiological 
Health established a Bovine Thyroid Network 
in October 1964 (1). Specimens are collected 
by the Meat Inspection Division, U.S. Depart- 
ment of Agriculture, and analyzed for iodine-— 
131 content at the Northeastern Radiological 
Health Laboratory, Winchester, Massachusetts. 

The network consists of collection areas (fig- 
ure 1) located so as to cover, as nearly as possi- 
ble, areas near major nuclear reactors, spent- 
fuel reprocessing plants, and nuclear test sites. 
Details of sampling and analysis have been 
published earlier (1). For this report, the 
collection areas (counties) sampled during July 
through December 1965, were grouped also on 
a broad geographical basis (figure 1). 

The results for July through December 1965, 
appear in table 1 and are listed chronologically 
within the geographical groupings in figure 1. 
The influx of fallout iodine-131 following the 














mainland China atmospheric nuclear detonation 
of May 14, 1965, was observed to be generally 
low (<150 pCi/g thyroid) through July 1965, 
declining to barely detectable levels in late July 
1965. Over the period September 13-14, iodine— 
131 was observed in several samples collected 
from counties in California in the Los Angeles 
area (Fresno, Merced, San Joaquin, Santa 
Clara) at levels between 50 and 200 pCi/g thy- 
roid. It is suspected that these levels were the 
result of a release at that time from one of the 
western nuclear facilities. The observed thyroid 
activities represent isolated instances which, 
when evaluated from a public health standpoint, 
simply indicate the intrusions of low levels of 
radioactivity into the environment. 


REFERENCE 


(1) BARATTA, E. J., E. R. WILLIAMS, and G. 
MURRAY. Iodine-131 in bovine thyroid, October- 
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tober 1965). 


Figure 1. Counties sampled in bovine thyroid network, July-December 1965 
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Table 1. 


lodine-131 in bovine thyroids, July-December 1965 























San Bernardino (1) 
San Diego (1) 
San Joaquin (38) 


Fresno (25) ‘ 
Kings (2) 
Los Angeles (59) 














| pCi iodine-131/g thyroid 
Date(s) Number 
Geographical grouping * ts) Counties of origin of Average 
slaughter samples | or con- | Mini- Maxi- 
centra- | mum mum 
tion 
1 California. 7/1 Ns an 6a oop oe8SOde6b04s66Ebesarseconeanes 1 38 
I POOR. cht wccn ccs btnetebsrececadssivausss | 2 10 8 12 
| 7/2 nd. saab beth snee es ge hseseasese ‘ 2 25 21 29 
| 7/6 NS eck gh bc cst sdbeSususestssevecncsusuns 2 b’ND 
Is sion bons eeeenbabsseeccucads bsbbbnu6 4 2 ND 3 
7/7 SE ohh ds oSbbidnneonod tes biusiporsoevendosciaes 2 33 21 41 
ES a Fe err tee ree 1 45 
RR INS Bi nb 60 occ coe octets ees esesiccnccessia 2 9 8 9 
SE CIs anvnba whee kks ooccbsesdeatsecsessusseces 2 16 14 17 
| RR a rer. Pers ne 1 4 
7/8 eee mn ‘ 1 8 
NN EOF TOCE Tre eC 2 18 12 24 
Stanislaus ---_--- 1 ND 
7/9 Merced ..__.... ee a te oh be dca hes & “ 1 2 
OS eee cco. ebebckkbwhudeaanseons 1 30 
San Bernardino. - ---- whcontuse 1 ND 
7/12 ER ccd etoacbawvke sob nen $ubbakewenescuese 1 5 
is ah. oh inkte haa 6es oe eT . 4 6 5 7 
| Merced - - - - - - Sire takst ct. deen Cesabnaatescamennes 2 9 7 11 
} dis os wks ano cette beeebesds stenrbhe 1 7 
7/13 Los Angeles _- 2 ND 
eds kc he oa onc cne beh sebtnneh-onsesions 1 15 
San Joaquin - > * 2 16 14 18 
7/14 i. ~odeed....ceneticas hebuusems aauwede 1 41 
DNS ks na naevesneneewasnbaecaws 1 3 
a cr): ‘ 1 ND 
7/15 inchs casenancsens . 1 6 
| 7/16 Orange. _. ee ee ae eee 2 3 3 3 
7/19 Santa Barbara 1 74 
7/20 Riverside _- , 3 51 42 58 
7/21 ie 1 31 
0 eee 2 3 2 4 
| Dt |. cceanheceneéebennbohnaaares . 2 1 ND 2 
| ats) np bhieedehbiencenmeetnsnnekawes . 1 2 
| 7/22 PE ivectadub@usesevsPessvehosenbecs 2 3 2 3 
} CR MeL. oe | oe eee emsbeue ss aeaeee 2 3 2 3 
, “ena 1 ND | 
7/23 Los Angeles _ - FARTS, CLE 1 ND 
| Orange. ___.. co EG! | GaSe 1 ND 
7/26 Ns 50 hi ee neh eetembbahene - 1 ND 
ee oe ere ee eee 2 5 3 6 
7/27 DS ive tices acnckin the eteunbedi wreuns ate 2 3 ND 6 
AE es ch nicneucheh &hhvahehbecdeysteenasiuses 1 3 
| ee as cad cen epheekbiGwehetsceen | 2 2 ND 3 
| EEC ino Cans ands Sh anodddnseyastencccane 1 2 
| San Joaquin........-- pk UPbESES UO IECS SSS the keene | 1 4 | 
7/28 Rel... <4 chs in Damseebenesas atiwe } 1 2 
rl. Se Le nd eeheauwes -| 4 <1 ND 4 
Ete |, ccavcheche@ahecbeces 1 5 
7/29 eT a ERS poe SR RET | 3 <1 ND 2 
8/2 IM ae PT Se } 2 7 4 10 
SST ane Rar ey A: 2 2 ND 3 
8/3 Los Angeles -. _ - a + eS 1 ND 
Re rs cee o's Galas | 2 2 ND 4 
San Joaquin -. - 4 <1 ND 6 
ere | Cee... ow Cometh gnc cnapeise oe } 122 eND 
| resno (8)! Sacramento (3 | 
Kern (1) San Benito (2) | 
Kings (2) San Joaquin (13) | } 
Los Angeles (26) Santa Barbara (8) | | 
Madera (4) San Luis | 
Merced (17) Obispo (4) 
Monterey (3) Sonoma (3) | | 
Orange (10) Stanislaus (5) | 
Riverside (4) Tulare (9) 
9/13 | Fresno_- } 2 | 90 ND 179 
GRIESE (eee Set eer" 2 103 | ND 206 
Santa Barbara 2 ND 
| San Joaquin 2 28 | ND 55 
| 9/14 | Los Angeles 2 ND 
| Merced - - - 2 | ND 
| Santa Clara } 2) 95 3 186 
¢9/15-12/30! [California] 4 | 255 ae ND 
| 


See footnotes at end of table. 


Madera (9) 
Merced (30) 
Monterey (16) 
Orange (4) 
Riverside (15) 
Sacramento (11) 
San Benito (2) 


San Luis 

Obispo (1) 
Santa Barbara (2) 
Santa Clara (2) 
Sonoma (3) 
Stanislaus (11) 
Tulare (23) 
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Table 1. Continued—Iodine-131 in bovine thyroids, July-December 1965 






































| pCi iodine-131/g thyroid 
Date(s) Number 
Geographical grouping * o Counties of origin of Average 
slaughter samples | or con- | Mini- Maxi- 
| | centra- mum mum 
tion | 
ei ke inendine ERS Sh SPR SRDS TNS SESE 
| | | | | 
| 2 Washington, Idaho, 7/7 Utah__-- ’ . + nae we his él 1 60 | | 
and Utah 7/10 ER sis keke ake ibs a= 0 cake heen 2 | 91 | 51 | 131 
7/15 Salt Lake 1 | 19 | 
| Utah-.-_-- | 1 | 70 | | 
| 7/22 Utah . 3: | 9 ’ND 17 
| Weber __-_- 2 4 | 2 5 
Se SR perrpragerepees =: 10 | 5 ND | 13 
8/10 | Walla Walla- ‘ . dae ie 5 2 | ND | 3 
8/20 Walla Walla ; . 6 1 | ND | 3 
j | 
| ©8/23-12/16| (Utah) ¢_____- , hed 79} «ND | 
Cache (5)! {Idaho} 
Salt Lake (5) Twin Falls (5) | 
| | Sevier (5) [Washington] | 
Utah (10) Walla Walla (39) | 
| Weber (10) | | 
3 Colorado, New Mexico, 7/1 | Boulder —_ . peice eceen jawel 1 | 49 | 
and western Nebraska 7/2 | Logan 1 22 
7/6 | Bernalillo 6 19 3 55 
7/7 | Bernalillo 2 s 6 10 
7/12 Montezuma 4 100 41 146 
Be Bernalillo 4 | 10 3 22 
| 7/19 Curry 4 | 81 | 6 149 
| 7/20 Bernalillo 4 38 | 2 119 
| 7/26 Bernalillo 4 | 3| ND 
7/27 Valencia 4 | 4 ND s 
| 8/2 Adams__. 4 | 4 | 2 5 
Bernalillo 4 2 ND 4 
8/4 Curry 4 | 9 3 12 
} 8/9 La Plata “ 4 3 2 3 
} 8/10 Las Animas 1 | 5 
¢€8/12-12/28| [Colorado] 4 4 heme hat 226 | eND 
Adams (0)! ek ge (2) } 
Boulder (0) Weld (2) | | 
} Conejas (8) [New Mexico } 
i Denver (2) Bernalillo (47) | | 
El Paso (12) Curry (39) 
| i Jefferson (1) San Miguel (13) | 
| La Plata (27) Socorro (4) 
| Las Animas (0) Valencia (9) | 
| Logan (16) {Nebraska] | 
Montezuma (8) Morrill (36) 

4 North Dakota, South | 7/8 EEE CETTE 9 | 22 ND 116 
Dakota, Minnesota, 7/13 Dewey 10 | 60 3 132 
Iowa, Illinois, 7/22 Deuel 2 | 38 36 39 
Wisconsin, Kansas, and | 7/23 Turner ans saetia¢ 1 | ND 
northwest Indiana 7/30 Sauk iene hase . | 3 5 3 7 

| Nobles - - - - = 6 3 ND 7 
8/6 Brookings , | 4) ND 
8/11 Charles Mix. - 1 2 
Pia ntendhsuSbwsvuaudseosasaceuscasat 5 1 ND 2 
Desh anive cvinhahaeene<s savtcccspisananat 4 3 ND ‘ 
¢8/17-12/29| [South Dakota] ¢-. scubedanaae i 265 *ND 
Aurora (9) ‘ Jerwauld (2) 
Beadle (1) Kingsbury (5) 
Brookings (19) Lake (0) 
Brown (18) Lincoln (1) 
Brule (1) Lyman (1) | 
Buffalo (1) eCook (3) 
Charles Mix (0) Meade (1) 
Corson (11) Miner (4) | 
Deuel (2) Minnehaha (17) 
Dewey (0) Pennington (1) 
Faulk (1) Roberts (2) 
Hamlin (9) Sully (5) 
Hand (7) Tripp (1) 
Hanson (1) Turner (0) 
| Hughes (1) {North Dakota] 
| | Hyde (1) Grant (2) 








See footnotes at end of table. 
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Table 1. Continued—lIodine-131 in bovine thyroids, July-December 1965 






































pCi iodine-131/g thyroid 
Date(s) Number 
Geographical grouping * of Counties of origin of Average 
slaughter samples | orcon- | Mini- Maxi- 
centra- mum mum 
tion 
4 continued 8/17-12/29 | [Indiana] 4 Monroe (3) 
Porter (2) ! Richland (3) 
[Minnesota] Rock (34) 
Big Stone (2) Sauk (7) 
Houston (1) Vernon (1) 
Murray (1) (Illinois} 
Nobles (0) oone (2) 
Ramsey (6) Carroll (6) 
Rock (1) Fulton (5) 
Stearns (2) Henderson (1) 
ansas| Jo Davies (1) 
Geary (2) Marshall (1) 
Miami (1) Winnebago (1) 
Shawnee (15) {lowa 
Wabaunsee (1) Fremont (9) 
{Wisconsin} Jackson (1) 
Dane (18) Johnson (1) 
Green (6 Lyon (1) 
Green Lake (1) Sioux (0) 
Juneau (1) Woodbury (1) 
5 Arkansas and Mississippi- 7/30 eo ol Bes ole cuss wawaetnd Sabena ee ern 3 7 4 12 
8/10 I hl Le oo deena seecuns ssonehecehawens 1 4 
CS eee ee. oe, dacbabe ake wntenesens 1 2 
©8/11-12/15| [Mississippi] 4--------.--------------------------- 28 eND 
Copiah (3)‘ (Arkansas] 
Hinds (5) Jefferson (0) 
Jackson (15) Pulaski (0) 
Lauderdale (5) 
6 Tennessee, Kentucky, 7/13 OPN i iis ck wndeddeccecencnicnctnccanseccooces 1 14 
Georgia, southern 7/14 ee oe ee oe ee eaebektusean ener 1 12 
Indiana, and western A ee nab emwnikneemennirer 2 22 17 27 
North Carolina 7/29 RE ee ac en emhwenein wine 3 3 3 3 
7/30 “i Re ere ree 1 ll 
8/3 Tn pe neeeeeeiue 5 9 10 
8/4 3 le I A EFS 1 3 
8/5 se. 5 ab Reahenbense 2 5 4 5 
8/6 RRS RISES 5 SR 2 b’ND 
8/9 i nkandshes sbekwneser shen ss = 1 ND 
8/10 ns se ine Emenee On 4 4 ND 7 
8/13 oe Geib aba enecomstows 3 4 ND 10 
8/23 NLS ae ll IRN Ae * 2 4 ND 8 
¢8/25-10/4 | (Tennessee]4............-------------------------- 43 eND 
Bradley (0)! 
Clay (1) Monore (1) 
Greene (4) Whitley (1) 
Hawkins (1) [Indiana] 
Jackson (0) Crawford (1) 
Jefferson (0) {North Carolina] 
Knox (2) ison (1) 
MeMinn (2) [Georgia] 
Meigs (1) Gordon (1) 
Monroe (7) Lincoln (1) 
Scott (1) McDuffie (1) 
[Kentucky] Montgomery (1) 
Clinton (1) Murray (2) 
Cumberland (2) Putman (3) 
Edmonson (1) Richmond (1) 
Laurel (1) Wilkes (5) 
7 New York and Vermont- 7/13 Sg Se ee 19 12 ND 43 
7/22 Cattaraugus 4 13 17 
7/26 Et. . cece nuncenchune 10 13 23 
7/27 cub apeedane on 10 <1 ND 3 
7/29 Cattaraugus 7 9 5 15 
8/5 Cattaraugus 5 2 ND 5 
8/9 Bs, caine ats iwas 20 1 ND 3 
8/12 Cattaraugus 8 3 ND 4 
8/19 Cattaraugus 4 2 ND 4 
68/88-10/98 | [Vermont)@.......................------.--------- 245 eND 
Franklin (166) ‘ 
{New York] 
Cattaraugus (43) 
Erie (36) 
* Geographical areas as designated in figure 1, encompassing those counties that were sampled in the States indicated. 
>» ND-Not detectable; the two standard deviation counting error was greater than or equal to the concentration observed. For the 


counting system utilized, the two standard deviat 
e — were not collected on all dates incl 
4 Brackets give State and are followed by co 


time periods and counties indicated. 


f Numbers in parentheses represent number of samples collected fro: 
been collected over several dates during the period or on only one date. 


ion counting errors were genera 
uded during this period, but the interva 
unties sampled during the period indicated. 

¢ The results for this period were for the most part not detectable. Some positive resu 
amounts of iodine-131 in the bovine thyroid. 
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Its were o) 
In general these positive results were 2- 


ly 1-3 pCi/g thyroid. ‘ 
1 brackets several sampling dates. 


btained, but represented barely detectable 
7 pCi/g thyroid and randomly scattered over the 


m each county during the interval indicated. These may have 
(0) indicates county sampled but not during the given period. 

















ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission receives 
from its contractors semiannual reports on the 
environmental levels of radioactivity in the 
vicinity of major Commission installations. 
The reports include data from routine monitor- 
ing programs where operations are of such a 
nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 





x Copies of these reports are available from the Divi- 
sion of Public Information, Atomic Energy Commission, 
Washington, D.C. 20545. 


ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.’’? 

Summaries of environmental radioactivity 
data follow for the Bettis Atomic Power Lab- 
oratory, Feed Materials Production Center, 
Knolls Atomic Power Laboratory, and the S1C 
Prototype Reactor Facility. 





2 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402. 





1. Bettis Atomic Power Laboratory 
July-December 1965° 


Westinghouse Electric Corporation 
Pittsburgh, Pennsylvania 


The Bettis Atomic Power Laboratory 
(BAPL), operated for the Atomic Energy Com- 
mission by the Westinghouse Electric Corpora- 
tion, was established in 1949 to conduct research 
and development operations related to naval 
atomic propulsion systems and to the central 
station power reactor at Shippingport, Penn- 
sylvania. Routine environmental monitoring 
data from the sampling locations shown in fig- 
ure 1 show no significant contribution from 
laboratory operations to environmental radio- 
activity levels. 


Liquid radioactive waste 


Liquid effluent discharged from the labora- 
tory is sampled continuously. Composite sam- 
ples are analyzed weekly for gross alpha and 
gross beta-gamma activity, and quarterly for 
strontium-90 activity. 

The average concentration of gross beta 


% Summarized from “Environmental Radioactivity at 
the Bettis Atomic Power Laboratory for the Second 
Six Months of 1965 and for Calendar Year 1965” (PNR- 
DEV-136). 


October 1966 


radioactivity in the main laboratory liquid efflu- 
ent during the second 6 months of 1965 was 650 
pCi/liter. This was lower than the average con- 
centration of 3,000 pCi/liter observed in the 
first half of 1965. The average concentration of 
strontium-90 for this period was 20 pCi/liter, 
which is lower than the concentration of 110 
pCi/liter for the first 6 months of 1965. The 
gross radioactivity concentration in the critical 
facility effluent averaged 1,500 pCi/liter, which 
was higher than the average concentration of 
920 pCi/liter for the first 6 months of 1965. 


Background monitoring stations 


Beta-gamma background radiation levels were 
continuously monitored and recorded at moni- 
toring stations located at the periphery of the 
laboratory property. The use of background 
monitoring stations was terminated as of No- 
vember 14, 1965, and 34 film badges were lo- 
cated on the peripheral fence at 100-yard inter- 
vals. These badges were collected on January 
25, 1966, and the average background radiation 
levels were determined for the period from 
November 11, 1965, through January 25, 1966. 
In the future, badges will be collected and read 
quarterly or immediately following an acci- 
dental environmental release or radiation in- 
cident. 

The results obtained from the beta-gamma 
background monitoring stations during the 
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Figure 1. Bettis Atomic Power Laboratory sampling stations 


period July to November 14, 1965, are sum- 
marized in table 1. 

There was an increase of 0.022 mR/hour in 
the mean beta-gamma background radiation 
level for the period July to November 14, 1965, 
as compared to the results for the first 6 months 
of 1965. This was due to the higher background 
levels at station 4, which were due to the close 
proximity of the station to a critical test facility. 











Tabie 1. Beta-gamma radiation, background monitoring 
stations, July-November 14, 1965 
Station 
Exposure levels (mR/hr) 
1 3 4 
High weekly average__...........-...-..- 0.100 | 0.057 0.182 
LOW WOGEIF QVOTARD. . o<.c0cccccccececnnes 0.012 0.010 0.032 
PELE EL bb6 Kobi ct cb Seswsssrieciacen 0.018 0.014 0.061 











The results obtained from the film badge 
monitors during the period from November 11, 
1965, to January 25, 1966, are summarized in 
table 2. 


Fallout 


Fallout samples are collected at three loca- 
tions at the perimeter of the laboratory. Sam- 
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ples are collected over a period of 1 month in 
high-wall, stainless-steel pots, and are analyzed 
for gross beta activity. The average monthly 
concentration of radioactive fallout for the sec- 
ond half of 1965 was 3.98 nCi/m?*. This value 
is essentially the same as the average monthly 
concentration of 3.86 nCi/m? for the first 6 
months of 1965. 


Table 2. Beta-gamma radiation, film badge monitors 
November 11, 1965-January 25, 1966 

















Area Exposure levels, mR/hr 
Main laboratory area (20 locations). .._...-- Maximum 0.230 
Minimum 0.006 
Average 0.034 
Critical facility area (14 locations)_....._--- Maximum 0.033 
Minimum 0 O11 
Average 0.020 
SPRUE 6 boa Ske ndicccuvdituctedésone Average 0.028 











Soil samples 


Soil samples were collected at the eight loca- 
tions shown in figure 1. These samples are not 
routinely analyzed. The collection of soil sam- 
ples was discontinued in November 1965. 
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Stream silt 


Stream silt samples were taken quarterly at 
the three locations shown in figure 1. The 
results of analysis of these samples are pre- 
sented in table 3. 


Table 3. Radioactivity in stream silt, July-December 1965 





| 
Silt concentrations 
i/g) 




















Period Location 

Alpha | Beta-gamma 

Teied quartes, 3006... .cccecsccos A 25 1,100 

B 20 22 

Cc 41 20 

Pasisabedddcanactscuntebon 29 380 

Fourth quarter, 1965............... 30 180 

B 19 33 

Cc 25 26 

SEPT eee eee ee 25 80 
Second half, 1965 

CREE TIIND SEE peers Sor 27 230 








The average alpha concentration in the 
stream silt samples was not significantly dif- 


ferent from the concentration of 29 pCi/g for 
the first 6 months of 1965. However, the aver- 
age beta-gamma concentration was higher than 
the concentration of 85 pCi/g for the first 6 
months of 1965. This was the result of the 
higher concentration in the third quarter sam- 
ple from location A, which was probably due to 
the higher beta-gamma concentrations in the 
main plant’s liquid effluent being discharged 
near location A. 


Recent coverage in Radiological Health Data 
and Reports: 











2. Feed Materials Production Center 
July-December 1965‘ 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center 
(FMPC) is operated by the National Lead 
Company of Ohio for the AEC. The location as 
related to populated areas is shown in figure 2. 
Cincinnati and Hamilton—the larger nearby 
communities—are situated 20 and 10 miles, 
respectively, from the center. Operations at 
this project deal with the processing of high- 
grade uranium ores and ore concentrates to 
produce metallic uranium, and with fabricating 
the metal into fuel elements. 

An environmental survey program of air and 
water sampling is maintained to check the effec- 
tiveness of dust collectors and waste treatment 
processes. Inspection of the data indicates that 
releases of radioactive materials to the environ- 
ment is controlled as required by AEC and State 
of Ohio regulations. 


4 Summarized from “Feed Materials Production Cen- 
ter Environmental Monitoring Semi-Annual Report for 
the Second Half of 1965” (NLCO-972). 


October 1966 











Period Issue 
July 1962-June 1963 April 1964 
July 1963—December 1963 November 1964 
January—June 1964 April 1965 
July—December 1964 October 1965 
January—June 1965 April 1966 
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Figure 2. Area map of Feed Materials Production Center 
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Air monitoring 


FMPC uses dust collectors such as bag collec- 
tors, electrostatic precipitators, and scrubbing 
towers which remove nearly all of the airborne 
particulates generated during the main plant 
operations. The environmental air sampling 
program provides an indication of the amount 
of material released into the atmosphere. 

Onsite samples were taken at four permanent 
sampling stations located at the four corners 
of the production area shown in figure 3. Off- 
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Figure 3. Air and water sampling stations, Feed 
Materials Production Center 


site samples were taken by a mobile unit opera- 
ted at various distances and directions from the 
plant determined by local meteorological condi- 
tions on the day of sampling. Approximately 
20 percent of all samples are taken upwind from 
the plant. The data for the offsite samples are 
averaged in groups according to distance from 
the production area. Concentrations of uranium 
and total activity of airborne particulates sam- 
pled at onsite and offsite locations are given in 
table 4. 


Water monitoring 


Continuous daily samples, collected from the 
combined sewer leading from the FMPC site to 
the Great Miami River, are analyzed for urani- 
um and total activity. The combined sewage is 
composed of treated liquid effluent from the 
production plants, water treatment plants waste 
effluent, storm sewer discharge, and treated 
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Table 4. Radioactivity levels of airborne particulates 
July-December 1965 




















| 
Average 
Number concentrations, pCi/m* 
Location | of ‘ ond 
| samples 
Uranium |Total activity 
| —— 

Onsite: | 
Southwest...........---.- | 27 <0.1 | 0.2 
STA EE | 27 <0.1 | 0.1 
Northeast.......-....----- 27 0.1 0.3 
7 Sees | 27 <0.1 0.2 
All onsite samples_..---.--- 108 0.1 | 0.2 

Offsite: | 
0-2 miles from FMPC_.---- } 20 <0.1 0.4 
2-4 miles from FMPC_----- | 16 <0.1 0.1 
4-8 miles from FMPC_----- 19 0.1 0.2 
8-12 miles from FMPC__--- 12 <0.1 <0.1 
All offsite samples... -..---- | 67 0.1 0.2 

AEC Standard.........-..-- | | 2.0 100 








sanitary sewage. Using the data from the com- 
bined sewage samples and stream flow data for 
the Great Miami River, the FMPC contribution 
to radioactivity concentrations in the river may 
be calculated. To check the calculated results, 
weekly upstream and downstream spot samples 
are taken at the locations shown in figure 3. 
Table 5 presents the calculated and the spot 
check river concentrations. Since the calculated 
concentration represents only the contribution 
from FMPC, it should be compared with the 
difference between the upstream and down- 
stream measurements. 


Table 5. Concentrations of uranium and total activity in 
the Great Miami River, July-December 1965 





| 
| Average 
| | concentrations 
| Number (pCi/liter) 
Location Method of | of Bote 6d oe a 
determination samples 
Total 
Uranium * | activity » 
Sewer outfall_| Calculated from sewer 184 3 10 
concentrations and 





| stream data (con- 

tinuous sampling). 
| 
| 
| 
| 














Upstream Spot samples___------ 30 5 | 50 

Downstream Spot samples___.--__-- | 34 14 60 

Difference _ : om cay gage & pone Raat 9 10 
SSE EL OE TROT LOT SESE: ENS. ee —|— 








®* MPC, 20,000 pCi/liter 
> MPC, 3,000 pCi/liter 


Recent coverage in Radiological Health Data 
and Reports: 





Period Issue 

July 1961-June 1962 March 1963 
July 1952—December 1963 May 1964 
January-June 1964 April 1965 
July-December 1964 October 1965 
Jantary—June 1965 April 1966 
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3. Knolls Atomic Power Laboratory 
July-December 1965° 


General Electric Company 
Schenectady, New York 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic Ener- 
gy Commission, is to support the Naval Re- 
actors Program of the Atomic Energy Commis- 
sion in the development of atomic power for 
naval propulsion. This includes design, con- 
struction, and prototype operation of nuclear 
power reactors. 

The Knolls Atomic Power Laboratory con- 
sists of two sites, the Knolls site and the West 
Milton site, located as shown in figure 4. The 
Knolls site occupies approximately 170 acres 
on which are located adminstrative buildings; 
chemistry, physics, metallurgical, engineering, 
and radioactive materials laboratories; critical 
assembly buildings; machine shops; decon- 
tamination facilities; radioactive waste stor- 
age and processing facilities; and nuclear fuel 

5 Summarized from “Knolls Atomic Power Laboratory 


Semiannual Environmental Monitoring Report, July— 
December 1965” (Volume 7, Number 2). 










@ Water Sampling Station 








Scale in Miles 





Figure 4. Environmental monitoring locations, KAPL 


October 1966 


storage and assembly buildings. The West 
Milton site occupies approximately 4,000 acres. 
Its principal facilities include the Triton 
(S3G) and Bainbridge (D1G) _ prototype 
reactors, equipment service building, fuel serv- 
ice building, and waste treatment facilities. 
Regular environmental monitoring activities 
are conducted to assure that laboratory re- 
leases of radioactivity to the environment are 
in compliance with AEC standards. The data 
that follow indicate that laboratory waste op- 
erations have complied with AEC requirements. 


Air monitoring 


Environmental airborne radioactivity is 
measured at two locations on the Knolls site, 
four locations at the West Milton site, and at 
the General Electric Company Research Labora- 
tory approximately 1 mile west of the Knolls 
site. Airborne radioactivity is sampled con- 
tinuously and analyzed on a weekly basis. Each 
environmental monitoring station is equipped 
with film dosimeters to detect integrated gamma 
radioactivity levels. The average airborne beta- 
gamma radioactivity at each of the three areas 
for July-December 1965 was 0.09 pCi/m’. 

In addition to the environmental airborne 
radioactivity monitoring, surveys are made 
semiannually of the radiation levels at the peri- 
meter of KAPL at both the West Milton and 
Knolls sites. The perimeter survey of December 
1965 showed normal background radiation 
levels for the geographic location. The results 
of this perimeter survey, extrapolated to an 
annual exposure, indicate average perimeter 
radiation levels of less than one-tenth roentgen 
per year. 


Liquid waste monitoring 


The dilution potential of the Mohawk River 
is utilized to a limited degree in the disposal of 
liquid radioactive wastes from the Knolls site. 
All potential sources of liquid radioactive waste 
at the Knolls site are connected by control 
drains to collection tanks in the radioactive 
waste processing building. The release of liquid 
waste to the Mohawk River is regulated through 
the monitoring of the concentration of fission 
products in the collection tanks and the control 
of the discharge rate of the effluent. A con- 
tinuous proportional sample of the Knolls site 
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combined sewer effluent is taken at the point of 
discharge tc the Mohawk River. Radiochemical 
analyses of weekly composite samples show that 
strontium-90 is the principal component to be 


considered in control. The amounts and the 
radionuclide content of the combined sewer 
effluent discharged from the Knolls site have 
been summarized in table 6. A total of 329 milli- 
curies of beta activity was discharged to the 
Mohawk River during the 6-month period at 
monthly average concentrations ranging from 
270 to 720 pCi/liter. 


Table 6. Radionuclide concentrations in the Knolls site 
waste effluent, July-December 1965 

















are taken once a week at two locations, one at 
about 150 feet above the point where the S3G 
effluent enters the stream, and the other 2,640 
feet below the S3G discharge or 1,500 feet be- 
low the D1G discharge. 

Mohawk River water is sampled continuously 
at the point of disharge from the Knolls site; 
at the General Electric Company powerhouse 
eight miles upstream from the site; at the Vis- 
cher Ferry powerhouse approximately two miles 
downstream ; and at the City of Cohoes pumping 
station about 13 miles downstream. Results are 
given in table 7. 


Table 7. Gross beta-gamma activity in streams receiving 
effluents, July-December 1965 











Radionuclides Concentration | AEC standard 
(pCi/liter) (pCi/liter) Streams and sampling locations Concentration | AEC standard 
(pCi/liter) (pCi/liter) 
DRE g 52 5. aes Sescigtessp onde <4.2 3,000 
aha cabs eeeE = 2 30) ~=—s- Mohawk River (Knolls site)_.-.-...--- 100 
Rutheniam-100..........--.--.---.-- <4.2 10; 000 G-E. powerhouse (upstream)... .... - - 8 
lodine-131...._ <4.2 300 Vischer Ferry (downstream) --.------ 7 
RE nek co onc. caec cab oe 110 20,000 Sees emt ee Tis 8 
tome inate ’ ohoes (downstream finis' rinking 
Cerium-praseodymium-144___.__.....- 30 10,000 ype SRDS: Penge epee es 5 
Glowegee Creek (West Milton site).....}.....-.------- 3,000 
} mateo AS ARS 5 ee $ 
+ . GS ae ee Pee a 
Since Glowegee Creek does not have a reliable seihabanapi te 


dilution potential, the radioactivity levels in the 
liquid waste from the West Milton site are 
operationally controlled and diluted prior to 
release to the creek. A total of 3.02 millicuries 
was discharged at two points into Glowegee 
Creek during the six-month period at monthly 
average concentrations ranging from 6 to 77 
pCi/liter. Samples of the Glowegee Creek water 











Recent coverage in Radiological Health Data 
and Reports: 








Period Issue 

July 1961-June 1962 July 1963 
July 1962—December 1963 June 1964 
January—June 1964 April 1965 
July-December 1964 October 1965 
January—June 1965 April 1966 





4. S1C Prototype Reactor Facility 
July-December 1965° 


Combustion Engineering, Inc. 
Windsor, Connecticut 


The S1C Prototype is a land-based nuclear 
submarine power plant operated for the Atomic 
Energy Commission by the Naval Reactors 
Division of Combustion Engineering, Inc. The 
prototype contains a pressurized water reactor 
power plant which is used to conduct research 
and development work and to train personnel 
in the operation of naval reactor power plants. 


® Summarized from “S1C Prototype Reactor Fa- 
cility Environmental Monitoring Report, July 1 to 
December 31, 1965” (CENRD-3163-RS-531). 


610 


Reactor power operations at the S1C prototype 
facility began in December 1959. 

The low level radioactive waste discharged 
intermittently from S1C Prototype operations 
consists mainly of water. Small quantities of 
airborne particulates in gaseous waste are also 
generated and released on occasion in the venti- 
lation exhaust air. 

Essentially, all of the radioactive waste 
originates from the activation of minute 
amounts of impurities in corrosion products in 
the circulating wate. used as a reactor coolant. 
Small quantities of gaseous waste result from 
the activation of minute amounts of air dis- 
solved in the coolant water. 

All materials released to the environment are 
routinely monitored to assure that waste dis- 
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posal operations comply with AEC regulations. 
Monitoring results which follow indicate that 
the facility has fully complied with the pre- 
scribed standards of the AEC. 


Air monitoring 


Ventilation air from the submarine hull and 
the supporting facility at the prototype site 
may, at times, contain small amounts of air- 
borne radioactive particulate or gaseous activi- 
ties. This ventilation air is discharged to the 
environment through an exhaust stack. The 
ventilation air is continuously monitored for 
radioactivity by particulate and gaseous coun- 
ters which control the discharge of the air. 
Alarms are sounded if the concentration ap- 
proaches permissible limits. When these limits 
are exceeded, the exhaust air is discharged 
through a high-efficiency filter bank or the 
ventilation system is completely shut down and 
the hull sealed. In addition, air is sampled for 
particulates at several locations onsite and 
offsite. Table 8 presents the average gross beta 
activities in air. 


Table 8. Gross beta activity in air,S1C, July-December 1965 











Average 
Sampling locations concentrations 

pCi/m') 

Seack and tel eibeent....... ....0.60.-scciticbcckbosdanes 60 
TES LLL SELIG ALTE IAS sa 5 MENS ER 0.35 
6.6. ancnsndicnatebapat abana anatase 0.45 





Water monitoring 


Liquid wastes are collected in 5,000-gallon 
retention tanks. When a tank is full, it is 
sampled and analyzed for its radioactivity con- 
tent. If the activity is below the allowable dis- 
charge limit, the tank contents are released 
into the industrial waste system. If the limit 
is exceeded, the contents are diluted below ac- 
ceptable limits in a 25,000-gallon dilution tank 
and then released. Table 9 is a summary of the 
gross radioactivity released to the Farmington 
River. 

The Farmington River is sampled periodi- 
cally at various locations as shown in figure 5 
for determination of gross beta activity in river 
water and mud. All 25 water samples contained 
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Figure 5. Environmental monitoring locations, S1C Prototype site 


October 1966 
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Table 9. Radioactivity in liquid wastes discharged into the 
Farmington River, SIC, July-December 1965 








Activity Quantity 
Total beta activity (millicuries)...................--..---.-- 21.9 
Average concentrations (pCi/liter): 
te ood al ak eink etasneeucewoeanaotibl 5,800 
I Ae ele secs enbucidamdeontweus 4,200 
RS EEE EER STEEL a POL a ae 810 
eee eS a nee ae eee 1,500 








less than the detectable level of 10 pCi gross 
beta/liter. All seven mud samples contained 
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less than the detectable level of 10 pCi gross 
beta/gram. 


Recent coverage in Radiological Health Data 
and Reports: 





Period Issue 
January-June 1961 March 1962 
July 1961-June 1962 July 1963 
July 1962—December 1963 June 1964 
January—June 1964 April 1965 
July-December 1964 October 1965 
January-June 1965 April 1966 
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Section V. Technical Notes 


REPORTED NUCLEAR DONATIONS, SEPTEMBER 1966 


During September 1966, three U.S. nuclear 
tests, all conducted underground at the Nevada 
Test Site, were announced by the U.S. Atomic 
Energy Commission. 


A test of low yield (less than 20 kilotons TNT 


October 1966 


equivalent) was conducted on September 12; 
a test of low-intermediate yield (20 to 200 
kilotons TNT equivalent) was conducted on 
September 23; and a test of low yield was con- 
ducted on September 29. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


DIGEST OF HEALTH STANDARDS AND STATE REGULATIONS 
FOR RADIOACTIVITY IN WATER. J. L. S. Hickey. Radiological 
Health Data and Reports, Vol. 7, October 1966, pp. 549-554. 


Numerical limits of seven published standards and guides for radium- 
226, strontium-90, and unidentified radionuclides in water for various 
applications and population groups are summarized. Of the 54 States 
and Territories, 47 have legislation or regulations for control of radio- 
nuclides in water. Of these, 31 have adopted some form of numerical limits 
for control of radionuclides in water. Sixteen States and Territories have 
general legislation permitting control of radiation exposure but no 
numerical limits for radionuclides in water, and seven have no specific 
legislation for control of radionuclides in water. 


KEY WORDS: Atomic Energy Commission, Council of State Govern- 
ments, Federal Radiation Council, International Commission on Radio- 
logical Protection, National Committee on Radiation Protection, Public 
Health Service Standards, radium-226, strontium-90, water, World 
Health Organization. 


PRECISION AND SENSITIVITY OF GAMMA SPECTROMETRIC 
MEASUREMENTS IN MILK. M. A. Wall and A. S. Goldin. Radio- 
logical Health Data and Reports, Vol. 7, October 1966, pp. 555-559. 


The performance of a gamma spectrometric laboratory comprised of 
four closely similar detector-analyzer systems was evaluated by examin- 
ing the results obtained on environmental fluid milk samples. The sensi- 
tivity of the system was evaluated by measurements of iodine-131 con- 
centrations, mostly at the zero counting level. The precision of the sys- 
tem was measured on the basis of replicate determinations of potassium 
and cesium-137 at higher counting levels. 

At low and intermediate levels, variability was not significantly differ- 
ent from that calculated from radioactivity statistics. Only at the highest 
level encountered was there any indication of a greater variability than 
would be expected from these statistics, and even at this level the differ- 
ence was not significant at the 95-percent confidence level. 


KEY WORDS: barium-140, cesium-137, counting error, gamma spec- 
trometry, iodine-131, milk, Poisson distribution, precision, sensitivity. 
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SYMBOLS, UNITS, AND EQUIVALENTS 








Symbols Units Equivalents 
BOY a... sacks billion electron volts. ......... equals GeV 
8 SHER: ORs i> - cpuducdcawerounmn 3.7 X10 dps 
Ce wc nace ceiltimeter(s).....c. 2.6. ck wc. 0.304 inch 
CPM... 2405 counts per minute 
a disintegrations per minute 
ick, disintegrations per second 
SRE eactroh Wels. Sea 1.6X 10-2 ergs 
ee es gram(s) 
COSY Sn0cea giga electron volts. _.......... 1.6 X 10-4 ergs 
| ape mele RINGRTAMID) oo ccindeuduewas 1,000 g = 2.205 Ib 
er. 3.5 iNe square kilometer(s) 
Pee kilovolt peak 
esa cubic meter(s) 
SER milliampere(s) 
mCi/mi*__| millicuries per square mile. -_.. 0.386 nCi per square 
meter (mCi/km?) 
MeV...... million (mega) electron volts...) 1.6 10~¢ ergs 
ape milligram (s) 
WP. dnnens square mile(s) 
Ra POE milliliter(s) 
WA oa millimeter(s) 
nCi;m?_...| nanocuries per square meter...| 2.59 mCi per square 
. mile 
SR pheoourie(s) ..i<...idktans eduadeae 10-2 curie = 2.22 
dpm 
Bikicvinde: roentgen 
eRe unit of absorbed radiation dose.| 100 ergs per gram 











INTERNATIONAL NUMERICAL MULTIPLE AND 
PREFIXES 








SUBMULTIPLE 
Mul 
Prefixes Symbols Pronunciations 
submultiples 

10% tera T tr’ a 
10" ~. Mm ait a 
10* kilo k kil o 
10? hecto h 4 to 
10 deka da ‘a 
10-1 deci a dé’ i 
10-2 centi c stn’ ti 
10-4 milli m mil i 
10+ micro s mi’ kro 
ee nano n = 
10-4 =. r een’ to 
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